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SUMMARY

(FEa%E

I. Title
o Main Project : R&D planning of the Korea soil and groundwater
environment policy through reviewing and analyzing paradigm shifts of
the policies in OECD countries
o Unit Project : Demand analysis of soil and groundwater environmental

technology and industry, and their prospects

II. The Objective & Necessity of the Research

o Korea's soil and groundwater environment policy focusing mainly on
contamination management including prevention of soil and groundwater
have become an issue for an ecological aspect. It needs to consider the
integrated ecological management of soil and groundwater environment
and establish a new policy direction and tasks for our future

o Purposes of this study are i) to seek a new and policy paradigm shift of
Korea's soil and groundwater environment policies based on analysis of
OECD countries, ii) to investigate core issues of technology and industry
development for mid- to long-term periods, and iii) to establish a
roadmap for policy, technology and industry of soil and groundwater
environment

II. Contents and Scope

o Seeking for a paradigm shift on soil and groundwater environment policy

_Xi_



reaching the level of OECD countries

o Analysis of soil and groundwater environment policy in Korea and
prospect

o Investigation of mid- to long-term period's core issues of technology and
industry development of soil and groundwater environment policy and
establishing a roadmap

o Analysis of demands of soil and groundwater environmental technology
and industry and prospect

IV. Results

o In Korea, Soil and groundwater policy since the 1980s is incompatable for
the UN Sustainable Development Goals (SDG), Convention on Biodiversity,
and Nexus Approach, and EU countries' soil and groundwater policy.

- In Korea, functions and ecosystem services of soil and groundwater are not

considered for the conservation and sustainable use of soil and groundwater

policies, technologies and industries

o Soil and groundwater environment is a core policy area that plays an
important role in improving the ecological values of soil and groundwater.
OECD countries including The United Kingdom, German, The Netherlands,
United States, and Austria take the ecological values into their policies.
Integral and the Nexus approach which considers enviro-, socio-, and
economical aspects of various factors including land-use, water, energy,
food, waste and the atmosphere is carried out in their the soil and
groundwater environment policies. The Nexus approach is also a core
discussion issue in various international conferences and UN conventions

- we may consider the Nexus approach as a key mean to conserve and

sustainably utilize the soil and groundwater environment regarding to our soil

and groundwater situation and the OECD countries' policies and the UN SDG

o We choose a policy vision of soil and groundwater environment. A policy
vision is a conceptual (paradigm) framework connecting science and
policy, and present and future. Regarding the climate change, the land
use change, enviro-, socio-, and economical aspects of soil and

— xil —



groundwater use of Korea and international trends, we choose the 3Hs
(health, happiness, harmony) as the vision of soil and groundwater
environment policy.

o As a new shifting paradigm of soil and groundwater security, the policy
for the conservation and sustainable use of soil and groundwater
environments should focus on i) reducing human and ecological hazards,
i) improving adaptation ability to climate change, soil and groundwater
environment changes, iii) avoiding potential environmental risks to human
health and welfare, soil ecosystems, and other environmental resources;
and iv) restoring resilience to soil ecosystems and other environmental
resources which may contribute to resolve the socio- and economical

inequality

o Based on the new paradigm shift policy, technologies and industries of
soil sector is divided into nine areas: i) climate change mitigation and
adaptation technology, ii) soil functional recovery technology, iii) soil
erosion prevention and restoration technology, iv) soil biodiversity
conservation and sustainable use, securing biotechnology, v) soil quality
(soil organic matter etc) management technology, vi) soil sealing
management technology, vii) soil acidification and salinization prevention
technology, viii) Land slide evaluation and prevention technology; ix) Law,

institutional and information technology

o Technologies and industries of he groundwater sector is divided into five
areas: i) precautionary conservation and management of groundwater
quality (and groundwater-dependent ecosystems), ii) policy development
for enhancing groundwater-use value, iii) policy development for
managing contaminated groundwater, iv) promotion of industry upbringing
and technology development related groundwater quality, and v)
enhancing infrastructure of groundwater quality management (and
groundwater-dependent ecosystem)

o Based on the new paradigm, a roadmap was developed for suitable and

better legislation and institutional appropriates, technologies, and
industries of soil and groundwater. The roadmap divides the next 10
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years into the short term (2018 ~ 2020), the middle term (2021 ~ 2023)
and the long term (2024 ~), and shows detailed contents of future
policies, technologies, and industries needed.

V. Business Application Based the Outcomes

o a benchmarking education and advertizing material for whom is involved
in policy, technology, and industry of soil and groundwater environment
conservation and sustainable use

o complementing the mid- and long-term strategy and planning of soail
groundwater conservation and sustainable use, and utilize to find out
policy and research areas (to prepare materials for precautionary and
strengthening integrated and the nexus policies)
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3.2. A7 A P B

7). EFARS 7% B ARAME S

D EBEF] B9 = 7

hal

Oh B 49 3 ESAEHAD

W 0| 7Y Y EMER

o

fm

FHFHE F=4, 7714, 7t A, 28 g AEAEE FAEH e AT
FHZ(pedosphere) o= A+ AEAY F82& F4 Q4o|th (International Standards
Organisations(ISO) 11074-1 of 1.08.1996).

- RS B 1-2g/aid] 2= Wl don, A7 A& 1/40] AFstal A= B2
gk wjA 24 (Decaens et al., 2006), HISd ESF 1gols FURE o]t mAEY HZ
(nematodes), & E7|(springtails), ¥ =7](mites), 7§w7](ants & mites)e} =4 ¥ |(beetles) 5
o] &5, AHeol, &% ZHF, AE Fol AA3th
- E9Fo] A+ F=(soil particle density)s= o] 2.60-2.75g/ciio]l ™ LASHA FA =L

Aom, B 82 Wx(soil bulk density)= 2] FFol wet xpolrt A, tii
AR Bk 1.1-1.4g/cio]th.

o=

o E Qv Tt AEH Fr)dEe] x¥¢HE EFAA, 714, FU1EE, =, 3717
HAHA EYAHAE o|Fa Ut
- A ef Al(ecosystem) & “AJ&Eo] 1 3} ]
FH 7| 2A @97 olal, o] A|xHl Fole “EE TR AdEHsrt *ggﬂr AE 3
qto] ofye} AEH FAES Atoldx EA%Tt” 1 A oH T} (Tansley, 1935).
- EFAEHAS “EGS Ao ZUARE st 9 =, 3 A=
7124, 77184, =, 37 59 FA=T 953 Fszgo] dojuva &= st

Alsystem)” o2 AFo|d < 9ot

D & 2012)0] EFdEiAL] 74 2 Mulz &S 7EeR B Aot EFUEHAE AT AY



W Eo| Helet Fol

o AFel )wel Eopel Wt Aol PUSAE Ror], BF SAE 19 AT A
o wet SAEe Hokol et chapsbeh (A, 2012

- Ramann E. (1905).; A8k 2| Z+e] 714 SIBE-S 2R 5= 2o T3t=3 52 &E2] /-4

2%E 44" 2

- Dokuchayev V. V. (1897); dd o2 3 F7]9 AES & oste] o]Fo|zl F3AY
AEEA B3 ol HEHE F
- Joffe J. (1936); E<folet F=d 7 F7| 2R o|Fo3] Fg& ddEoH, gy o
2 oy Zlolo] F o8 YrolA L 515 viE = Y, ©]3}5HE
ol oA AE & A

o w3 BFL ol 8dHE 7 %OM w2} Eou ol oz L}E}»}z 9.
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(b ELY 715 ¥ AHAA B 22
H EY9 7|

o Ee QIS E3e AT AEC] I aS Fste AT HASE QS EY
oA 7Y RS o]Foj GAE HFo B, fFHHe3](Council of Europe,
1990)= B A 547 A7 AES Hd Hosojor & Eofe 7|5S AHF

7153} QIZEeY] FFel #HEZ rFoE FERIEAL

<# 3-1> 8839|3|(Council of Europe, 1990)7} HA|3t ESE|0{0F & EXO| 7|&
EY 7188 272 H| 2
- 2F AR, A 7 Al A
g 7hEshA & A E(raw
materials)e] AF &
Hlo] @ wj 2~ ¢] A 4+Hbiomass
production)
A Z _ 0O E R o 2 (fi 3
TN ToERas AR, | coe equazre welwst AseE nEstn
T e 7 Ak @, B uEel ART J5e Y
d=27170
- B A EC] Aok F e I B AES
- =8 AAA g AE
FHAEH A% - 47 f-4Hgenetic heritage)S 217te] ko] Q3 &
HAEAS ¥4
- B gsta 7eFol 4dstd FREH A
- =23l miA 3] - AAA & AR BEUY. dE 9 dE,
Azt =2, 35 9 orhigAe) g9
25l - EGE B Aol o Feo Ad, 2, I,
HES | - 7FEEA g2 A5 ZHA o|€Hpeat), 7, F=E<= AF
7% -COp, W& 5 o HAVI2E 7] Tl B=
- ®25A 94t - B A4 _° A7 JAE B2 F de I EHE
A%h g 1Sk HARE X3

28 93 2)3)(Council of Europe, 1990); ¥H&3(2012) AJ<1&

B £ MEjA M|~

o Eok] AFstE AELS W, Aeta, A o|a 9o, o]#d PFo 45t W YEg
g BgL 53 AtS I Aol g Aul2E AFdo (MEA, 2005).

E

- AR 2 FF=A o, BEY B4, ESoAY =doled AR, AF AT, BEY

2) Ht&H(2012)8] ESAEAY] 74 B AHl2 &S VRO E B oo EYNEHAE A A



A=Y el B AA, ookFe] AF, MRS 2 AF L AF, 37 B, EFHA
2 2R, AR, 7| 24, ’51'%*3%‘?% AEGIE S Ad 55 ¢t
o QlFe A HAMf, IV, YJUF, EE D ASAA & AFshes ESAEA A0
25 A - AR EGY AETSFAE Ted dAH Uk
- B AETFA 0] 7135t Avl2 o mek i) A9 A Bl 2(supporting services), ii)

A& A n] 2(provisioning services), iii)) & A H] 2(regulating services), iv)

(cultural services)Z & (MEA, 2005)
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<ad 3-1> B9 d=0ydo| 7|od5t=

o ECQ2010= EX 7led e EF AR =S
- ) B #IEe =8, vSsE B B 34, i) B4
i) =90 <& 24, iv) 2d=d9 AA 2 A=TH o
dA o] AEskz A, 18 al vi) ookl AlE Bl

ol 17 71}
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<H 3-2> EC(2010)2} MEA2005)Q| E7|STf RSl ME|A MH|A

HERA MHE| A apst AX| Lo} HEoHE ZEAP AYER A QK| of?
RS /1% w®, |- ZE /A 7o)k “AARe A A
HEE 24 3 Eok| AEY dA3AH F | -vAE &5 =24 7z BA43E E3) A=
P4 Fi FrE ) of F&F
2ol w@ W2 AT T - “oA % oA alAl 7l
o 4 NLEAR A2 T n g gy |CTRE .
- x4 )% & 7zo B F34e A
wa gEqle mw | Tt e AL _ - Aol 29 3
9 ) gms) 24 &ol 1% B @ | -WAE 2E 2d | 2o #7118 4 57)
o % 4 E fA
_ -HAEE ol&ste o
[e)gez =t 1 | - E=A] vl =
TR TR A Bl SR TR awe as 2e | 9wdd Pz A s
} N FRE e
: g B =
BdA e AESHA W °T B ~gAge] =, vz
4 - =24 4, Aead w2 oo oz\l/lgtlo /uaa‘tc:1
Xﬂ z3 il ‘“ﬁ"—loﬁ/] ﬁo‘d
SR AE A
< bl tig #H
o F 2- =& A A E vt
-7 B 71 < F -HyE 7 =3 Bk g4 2 979 7]
-S43 el 4 ol(F4, A )
2& AkEAe] H
o]
=

D spet <Ay of(chemical engineers): =l 9= Alxtst 2ol ole] a3 o] 29| T8 7152 Bl 8= 7]
E4E d0H T4 EC] ol &F F Ue FY=E FHE Z3)

2) WE3tA zH2Hbiological regulators): A¥EFSET LA FE(protists), AZ(nematodes), %Eﬂ(spnngtal
Collembola), 2 =7](mites), 43 =] F(microarthropods) ~°] ol &F. olg2 AEH UE &2 F&, I8
&S] AR o) F A A YA AT} S-S 2HsE 98-S T o5 YR ﬁ‘r@r@ A=Y
o9 7| e FAVSE FATOEA A dAAYo Y AT GEE 2d. a8 A=Y MAsE 24
(EC, 2010).

3) Al DAY oj(ecosystem engineers): A&, 7Hr], &% EfHFE0] ool AP °lEL EFUAE FAAY
EY Ul =3 3717F E82 e 30E el FA2 EFNEAE] AFT F e $3Fe wEUones

et al, 1997). EF ABo] Wel AR RO R moko] ARsje] By FR L Foow Pejo] u] AL
Eepo UL H9E 5ol E9el T Ws DEFRA, 2009)
A& EC(2010); MEA(2005); ¥1&%(2012) #1908

o okl FHHL Yt AT JYES A ABEFORA A 43 A2
o] AL A AT
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oz
i
Lo
N
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= AF Aol Fad AFH dates AT

A LA R 2 EGS A2t BESEA T AHAAMRIZE Adsts =2 =
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Edol g4 = €4 2

bz A%

T} (Bardgett et al., 2001).
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<d8 3-2> EY0|Me] 29| Ol E=2

2% Bardgett et al.(2001); 2&3(2012) A&

i

S7HA7IH, o] FAH LS AHH o Bk

F2 AREHE 88 Z7HAZ1Y (Bardgett et al., 2001).
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=8 A5, AEE EA 5] Ho| A &2 A HFo] Hol &= AHe H5|
T 1238 ol o g EoF F 4o WAt} (Piementel & Kounang, 1998).
- AEE D&Y e EYY A EFAS 1de 0.1ton/ha ©|stE dojy=t], vl=
ZeMontana)¢} FEHUtah) FellA= E] A& I &o] 100%04 1% ©]st= o}
2 o, BoFo] A2 2008 ol =A F7Fskth (Piementel & Kounang, 1998).

Edo] AR A4S Tl €2 B3HY, LAd=dd HdY e BEFAA 9

- Bk Eo] HER u, tjokdl 2] - 31829 o] Yojr}

T

- A, F, Abske) 39, 2 sorption)3} ©-2Hdesorption), o] w3, 2 A=A o] AYE 3
T AAX 2847 HAA nAEC] ESA AeAa A A"

< Aotz A EY, 2o QA= BEGY A AxYojol o]

e F=9 EAd uel ZEkztt (Bardgett et al., 200D).

- B9 A=l me} =9 o] Ae] A, B 50l Wt =9 BFAIZ] A
s

. B A thr) 2] 9] o]%(evapo-transpiration) E kel A1 Q= 2l &3} o] A
E-2H(root biomass)oll we} ZebR ).
SFE BS BFESe ARbe] ZojAA Hi, o] Wil HEe] o] &

=
o] ko] wolx|Al Ht} (Bardgett et al., 2001).
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A715S 3
71240 PR 9o, Bl fr]8AL B3l = o] o]4tetErA(COy)

- BEoRe Al #YF theoz 2 w9 A i(carbon poolE E ImldlE of
2,500Gte] #7l=d FEe] @it 2FH U
olFAA 784+ 1,550Gto|H, Fr|ehieE 950GoE ol A= Wol| S23H g@ad
(550GO<] 4ui7F dow, ti7] g BATHT60GHS} oF 3ufol] sEH .

- B4 SQ010)° =", Ejuete] Bkl 6,437.44F 9] ©AavE AAE o] 9lom,

i



o

AN 5o EAolE Wyt s 9ol 2,443.08F o2 oF 2.7H]Q] 3,994E2] EoF &

4E B2
(48 =3)
550 Gt el
g, l
g718We g8
Aok EFAEIE
2 HATH eE b e
27|62, B V)
E|A EQF S 38,000 Gt
AHSIC=950 Gt
SOC=550 Gt

2k BC(2010); 2H&(2012) A9l

<38 3-3> X|F0M EHEAO S F

Edo AEGIAHLS CO9
(N,O, nitrous oxide)e] W=<&

A
rl
.

2
.

BN

&

- ol 7F29 42 COET A ou FU7 ThejFeo] 2ustol] mA= FEFS COzll Hls)

[¢)
CH,9] 7%= 21d), N,O= 3108 o]atell 333ttt (Schils et al., 2008).

o

T—

SHEWO| M U WEAN W
Ede EYd EA8ts AETYdAFY oz LAELAS AASAY L9EZY g5+
22 WAL B, 54 52 WHAPON oQEAL YERIHoR g

(bioremediation)gtc} (EC, 2010).

- 2dRA e AEHA Aoks vdE B AEdd sl o] FolAH, njEel osf ed=d

< F7IEAE H3AYE ARSIl A =384 A sKbioremediation)2} gt

O

B TN AEL ol 8ot AL BN AAsE o] At A

3}(phytoremediation)2} gt}



o

AYEQ] ¥E] 34 F(root knot nematodes)2] 73§, thgt 2HEo] A uj =

U= A Fel M= g0l =4 deltA] oy, ddztzo] AujE = Ae, 5 B A
2 + I @3t 9 Ao B ol A4 vEhde B9 vEhd

Nom, ol 2 Qaf AujitEe BeSAAFe] s B iAol A ekt (Kerry
& Crump, 1998; van der Putten et al., 2006).

o EYNAEE M2 oofFe dXe] E = on, B¢ mAe T/ AV €9
e AL oHT AER YoFS 22 7IFE Sodme Y

1928\ 3 &k X Penicillium notatum®. 258 FZ3F AF Hxo AR AyAdd
3} 1944'@ StreptococcuszH-E FE3F FAAQ] ~EF Enjo] o) o] & Aol Al
T ZFHo = HE Hlojdr

]I.u

Azolx o2 FAAY} ERUARERE 22 9 ATH T Yo, o5 A B
go s WU AERRE F9e W @ ol
o EAl o|g8% WA 5L B B ABTGA fee Aol A7 HHow
2 Qe uAA 2 Aol

() Askre] A9 2 7]

Oh A st2 Ao 7 Ast & BEA

W X|5l2| 74 AU X5t 2IE SEfA

Oll

o Astrr B4

2

| A

rlr
il
o
o }lr

A3 & <3Hwater cycle)e] IR 2 AAA G <F



30%E ATt

7 d =
74 Edolv £33 (2%, pH %—)Oﬂ gt & =49 XP°]7} ‘%*gé} , ol=lgk
A(groundwater quality)S ZAA43s}A =t

_>|~1_,
o
rlr
%
ofl
N
18
1o
N
gﬁ
»
>

T ALY AHAR] o] & ¥ oyt AxH ot HFIAL A= EGFAEAY
S A}
= (e}

e A fFAsk=H $a3 43S o

Ale) s, ARAAE 2] rash A2 Ae ABAe vehln Aok
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(http://dlassnotes.org in/dass-9matural-resources/itrogen-cyce-2/)

<13 3-18> EAQ| aBHE

) SES AAfe e A B0l 3718 B AEolU 44
A B BT 5 HRSEA, FUWNA FHHOE BRI g Agtolth
- 5w vEF Aol M ASEE ol 83 AU SHOR Us) AAPAYERL A%<

o] WAyE

m X34 0%

o A AAHCR AstE9] At F A st

4= 1z (groundwater depletion)& #| &t 8739 o}
Fe (A= FAHHQ) B354 ¥

52 oA



mAE BHo] ok

- 3= A U(seawater intrusion): sj=(H)7} siAA S Ha thrsoz A FE = ddolH
Astr o TE FATF WA AY Ast fEEl Aast siE Bojul= d9
Astz I3 W& Fo=m s HF7 SHdn

- FHFTEF AR AT FHAEA ® A A AH 2T AshE

54 Foh(capilary zone)E ASHFH HEE 1o $1X]3hel, Eoke] BT o] AUA 9

t 9oz, 4B A&l 1 A FEE FFHE Fo FFAIT T A

shrslel Ashs mAR o] B YAzt Tl AAAAL Aol BFsta
o) Wsks Zestel 49 AHAY S FE I Fok

o HAF A FAL EF % BFFe) $A - WA WS 29 ol AP

o AT MBA T B Aoty agloz s WYL JAE oI, £AA)
A ASALOIY A5 w) AHGOR s BT

S, g el e, BUEA, B3 Bl o8l BAB (B, 2016

- W Aol Aushe Tie] Aaks Wkel ols) WA (Leake, 2016).
Rlae] o Aushe fE ol Ak Bare] B3, A8ek tirFel e AAE %

ROl AR} A5 e T%sww

DAY
T B

S
13 A

102 W Ao Ae L o} San Joaquin valleye] AHoA G AL, o] F2o] AN HAAAE
A5 9] o] F B A& sdsl=rl, olgidt B HlEo|u AZ84 5] IAF3IUA FFo] 2T

m]n O{N
2,
>
bt

SO

Y
g,

o] A%

[0



A5 Leake (2016)

<38 3-19> O|=2o| X[ghystz Qg FFE = msiH|&

AdHA e ARBEA o8] B UFEo A5 FUEE AL
= 9 5 9] 2ol ola) BAIEH, Aol A5F s A5
S8l 88t7 Wekg o)A (17 3-20 B2



- IAl- il A

AR .

* Precipitation ’ Precipitation

L

’ Evaportranspiration
Building

/B2 RIEXI0| T2} SH=50] tH=S351F 8 B 5l S22 si=50t U582 F80| SUXIHAM
S07t MR E2 g, SR E2 dHi5-50| SESk= dH sli=EIF7t LT MEY

A5 Gslol=241(2017.2.21.)

<17 3-20> Kot TY Y22 ISk X519 Hatol HiSAE



Z+5.: Fonseca(2008): 734 £](2015)14 A&

<3d 3-21> Kot H20 ME SPHANSE S dERA &

. el 38 ORDZ7Ne] EFAsS a5 7%

O Ay

Ob EFAstT @41 H44e 55 3 B}

o 1970dt) AL HHo] FaAATY FH YL FAA EFed FAI hFH]

|
©
&
L
t—l
(@2]
f
o
>
ok
s
o
02.1_«‘
o
o
o
o
fo
4
1
f
=
Hl
=2
ft
02
(i
AC)
o
N
i
i)
i)
32
K



7 AT

=)

o F7te] AAFEI B% A

A

gk

HAH A, 1990

3|

©4 @gol F

ﬁo
W
o

ﬁo
W

‘Eofe] HA' o7 AW

‘B A A

‘EFEAT 2

SE_O
-3kS-

‘_|!‘V'

N

w_

g

%7 %

Ool:

- 1993 10¢¥ &

‘B oA

A7),

qr

1990

A A

mK

N

—

O

o}
r

<

Ho

e Solth

EYo| MY A Al

Fte.

3

1995 14 A7

o
=
B 5= 1A

FA .

S

- 1990

3

L
| .

A

S EAY 2 Hof

b EeFo ol

HYs

5, 2AA B A2 A 53 QA

TO R

o

)

AEES 115904 21

71E2 37} EA ol &H

wK

REEEL]

ST

Y

2170 EA S AT

o Aol MAE JFE T

A=
[¢)



skl

tof e

I

2, DO.E AN+t

A2

s
)

, =o-3ehy, 4

tod A= 4

S

o

J|

e} B EAA oA $et

o

Fi o

S

o2 eddJA HH FAS

)
dE th/gA el

T

—

0
w

=
Zl

B!

Aol IAY, AAHAG F-A ¢

29
=

A7) 2kel
e

Bk

o

=i
=

YshAct

A]

o
oyl

A

K

Project)

Fso.H, 2008

95

FA7IENEAY o FaAIeR A

A A a4

g Frjsto]

ol

A 7)1 eMEAG 9] 7]17Fe 2008-2017:3 (103 o)™, A}

=0

of

A

—
o

g7le Y Fokell =4 1.397

3

A

AT

3



2008 2009 2010 2011 2012 2013 2014 2015
———-—-———-—

* I [
e l__
53 cormonong T4 7|2
Sk 7|27 21(2010-2019) Salo|F DK Y o HBH FEAG A SEOTTATA X
EULNEIIRE AT 2 F30 AL/ FAS 2 I
SEEQ U= HE 7Y MM
sy, shEy AR
USoxEg Mol HER AR Hol@SHHIY AW
SR BABAE AY AnglsHEot X gax|
smuaz|oo| SUHE B
sgRPEEY Y
(01, 04, 05, 10, 11, 1314, 1419)
RS T AL S 2 (677)+697H)
#aEx| OI%E}(E%’SFJE)
SEL- NG EYFHLEHES 9o AEH WY HT
=Y su4FATL FH7|T FE
=AT| S A A S S (S5 9)) WSO BEY MANEIAATE0 2% U oS Sof B8 7
A5 =8 71Ed (2015
<8 3-22> 2000 O] LZ|Lt2te] EY-K|Ste HMA K= =T Z9



=R A3 Aol o

1]

An}
=

o]
H

ME W8
go: 09 d217]— 1492671 — 19133071 = Eof

oY RZA &

==
JLA

|

1

0]
yi

hul

st 7

_or]

=

=

(POPs, PAHs %)l o
- LHES AHsiA g
:,L

SPAES

T ~ il Ho w0 Jo aH W G G
i0F T w =X RN @ O
ﬂ.._Aul o ol X0 Mvr HA._u._M oy ._:N_HL UJl o X
=T oF o M K o T <7 T M 1
X = < = = T o= 5 N = % °
- i TN X 0 ay = T K
m o o B N it K B o o w1 % Ak
= WS Wi PR ~ - 3 G2 _ i
= ol Moo=l ) %) o T K — o
7 O# 0 ~ ﬂAJu = X o RO _—AAT Ho,ﬂ = & Eo N LT HA.I _%H_
S 7T K N B N ® R A R
_n © xM8q B Foee = om PPz oo
N X < . ~5 N ﬂ__lm # [ o N ‘a o~
5 N e o o o g B AT < X sl = T
= K N ,% w4 T b W = o0 Ak 3 K o 2o o= - Xo
o 9 xﬁwmlnﬁno K L%Ea 3 o wmE oAk o®m  0<
= . o - b ~
N - N S Z & m_mﬁ O A S N W
w"r = 101: < o = _;ﬂv Z.._ OT._._ % m_u._.* H_OW ) H UE = O_E m_u.ﬁ
Moo A oy NS i T o T . Mg e®., g
TR o5 wWEESH 5 g EEe L ¢ ® wx bz o®
1.:1_ © ﬂ O‘._ n/uy ﬂ__lm ‘;Io,ﬂ M._l ‘_.FO ‘Wu ,;Imyl m; H_Ol ‘m_l a OEE ‘.ﬂw m <) .U.L
‘;moﬂ ﬁ K T ™ HQ_.,U._ W X N m_ui i o XN T o ,__% oo S im
T N ‘.._; Al N — O_E _ N o = n OF ¢ %
g T H B MI g @ by m § O FE Moz g
N 0 =g M = o o W oo 7 o K ow
ow o ow TEZHRy mwegoedTETEZ g
"z = sESTR® 2 §Zx% BLas®TIELT
—_ o n_m — = X =r ‘W.,._ o iy _— =
K =T = | Fo ) < S = oLo - h < o X N — @ N
%% G W%ﬁmﬂq%ﬁ MMWM MXOZTwomﬁaMW%W%ﬂD
_~ 3 = 5 = X R o N ) =K R o N
Por ﬂ_twwwﬂmﬂ I o B aﬁ%%yw
— o [A g T = -1 — oy M o= ) ) %0 R
° 4 & = W = 3 M—l.‘_ o W N oo x WA E Won ok oo = o
o B —wmET LR TUBT R gEagE ST e oo &
2 L m o BOE s X of MoX = X ® % T L A B o~ LR @E
B gl RNeel gl ee®E_ L Lr T 0En S
Ny Rom o oo 2o KXom omomoy TR Cl N K o T
T NN 0 g T T © © T N R om oo B o ooy o = m % % N oz orE
Mo = = W =rooF W w N & % om oo R ooy e
I I I I I | | | | | | | | | | | I I I
N B E
Gl R ;
Ro o O Xm X 2 g
Noxw L T =R
G % W o % W o3
o B i o~

[EFR 7|87 £(2010-2019)

(2009),

A5 3



> EYEHE J|=A 2

3-69| A%

<H

ME LHE

el

- F7FAAAA ARG T, L9 FARZYUE T, MEA A =43

an
R
i~
o 7
N
T W
)
DR
<5,
0|
R T
L
My~ el
H m Bjo
" %o e
we T
RF
O
FLON N
o B
0 -
e WL )
R
o M WA

my %o

=
iy

K

= ALAA

Rk

Y, AVHe e

A

%

@A

o

)

N

N~
v
I

‘Aluﬂ N N
w LGS
wH o T
ﬁo _10 _Mx_
o] . 0
i s
i &
B
g =
pﬂu [y
. —
o B e M
o X g o
B TW = o
il 2o W
T W
W m N
~ o H
X0 o o
~ . oo Yo
T g
w2
© .Al_ he W_M
Po o7 =2
N Y mo E, M
TE_uo o
g o x°
o< | o <J
< — Ao
_, o w w X
KB w0 W WP
Ao %
I
T B
"ok N
B (L
ESA N [
w kP
X
I i

[ E¥R 7] A 2(2010-2019) |

kg EH7452009),

o8 T8

o3
T

Faaz, 2010 o]

S

a7] Al

12

= o
=

I A A A H] 2=

* R2EY VE

o 20004 ©]

mK

oju

22

t

oy

Fan (874, 2013).

25

71 Al

B2 Ao

3T
ar

S = HE 0cm7HA| &

»

3T
ar

’

3
)

ERAZIA

Eia

1

ks
pul

Y E 9

Bo]— 3-11

EG 1Y 9

o] AT (73, 2013).

] A3 A2 2] OjF A, 2)

APS
=S|

- RERAZTIAAZAA



tA|=l(2013H-2017H) 9|

EHFEY

IH

% w
) o
| © o >
- nm K =
il IRV o
Hixs & & Z
(0] . ﬂwo
gl | Fow _mw L
" % % o ® P
o IRV S B
BB M 2
I I I
.__._.ﬂ ﬂ.EH ,wﬁ ﬂ.rﬁ
o |X < G
o | oF i
~ [T ﬂ BK
| _ %
Jr < o
I .
mo o < ar
i R
<L =T T y =
> ﬂ __m_mﬂo I N
Hlbe 55 dw
I I I
W =< E oW <
T T
= ~ M T
SR oo
=l ox N
mo | B N oz 8
=3 T wORE W
Ki == w1 ~
" g o O
R o I R -

s A (2013)

oju

G

B

% Q4 24 Aol o}

o 3

AW A7 FY rolSeelS vl 2014)

=i
=

.
#9

i
¢

!

22

FA AQIThe] QA E FRst

3+

S

A g E 9

)
~

4

ﬁo

ﬁo
)
.

A7 747}



<H 3-8> 2 BE HF A

Atg =T Hg

o

o
A H X o 7|2t
Arie Mg =7 ALY i)
[=]
=028 A AT | - H012HE e Ed So(1453 ha) “ em
- — - = o Ti|E T
29 g - 9FEA 2F 5 AU A ) K
A AAA FHE | - ZIRZAY 5 B AQAAE A& AX| 57 5
ARG A AA | - FEE AZANYER A vl (R AA)
EFGA A7 S ZFREAYS 59 LA HIA A% =4 s
w7k A ) - HQA AN ALY A AN A - BF o
FEAY BEY - BRI T So AAEA SSES 5AY A e
MAHLAATAL | - =g ARAA 5 AR AR S
A A F) - AYEY, 454 5 24 3 e
EARE AU 9% | - AE9E 5 A% rRASAY 4 e
A=e] At - JdE@E Y B B8 A 9 FABHAA 44 cu
1A AAA WFE | - 1A A2A =4 95(162ha) e
E3 Ah8Y - GEAS 43 PR ) e
FAA EFFA D | - /13Wst] g2 Exol&d 9T AN ZUHY e
EYYE £ AT | - AAEYS MHedd §F 54 24 T
- Z}H 7}‘\1111501:0/& A7V 714 s ur
wA g AR e | T I SRS I A N
WMo o - EQRRE 2§44 AdUe A =418
laeads o - Eokgaler A =y A
E=R|IAE S o 23} _
THAHEE 018 - w744 2y fE2oA AT o
AR WH QA A7 o ] =22%%
- st E A0 =nFE o]fr]% A

A7

25 @7 % (2013)



@ A4
@ AssBARA A%

1990.10.26.).

@ Astey A 2 TALS T3 Askr #g 2 AA A Y

o 1993\l A&to] JfEholgolk= =l A di9le] BT g FA9 B &
APl F 7HA] GHtE SHS AEset] BRoet fAE FEH T st At
He AR (38, 2010).

- 1993 AAE A3trH-2 20053 7HA] F 5 Y NS AXHA, =2 A3t AL 9
g, g W olgo #HHEE A= FHol =Ho] EHAH
- ool mel, F AskE AH ) S ETE GA Ao RE BN ALY 5 vhe}
T O270] LPHA FEE RSt Z BYste] IHlo] fFo] AEHEE L - o] &
& AES s A $ug Freted ok

gk

o 19963 A ste] ko)l L3 BAEAFE o B3 Lyl HAY AZ o 2A, A5EH A6z
of ZAste, “AsFH | BAY” & FHIAL, ol Wt 7 AAAEL FHTS F
g NEAZ FE 24S 98 A9 &

Aol AGAsrR ALY & Fal, A5
2

qe meEd AR 4dANe

o Seuets FALYY Qol, BANA AEF FAoIAUL, At naAUe] B}
SOl AF3h 4w, 715k Sol o3 AdEE AAACRA Qo)
Z7ksta ek



Rl AP Aot =3 BH 24: 4 23 > +H EX, 3|5 U NAKESR A HE T

SEEA|EA A SeSeAE

- — oo ® o—n - °
1990 1993 1995 1996 2002 2005 2007 2012

x| _ o _ : . :

i CUAEAE 2R A e =Y AR

2 5 EEplgtoRt | mames  edmevwze [RIEECRRICEEH

x

7

ﬁ MRS 72280 7| 7|Ee| mHEE| AN HHS HHE X47IsE Xssggos HEt 5

2

RbE: FEHYR201212), TRISHER2] 7|22 % (2012~2021),
AR FENFH01DE Fxsto] Aol 243

<38 3-23> XstY ®ME olFo| Xot=e|7|2A e 55

<H 3-9> X|g}4Ha|7|2A SO FFTN L NS

Z= I LA MF UE

bR Ask ALAA TE
ST Ashed A

- fE AsE ols

- 5RAY AFE ol g

A # AT

-polE Ast A

7NEkol &

A AR
- A mATe
PEEE - Asts Asl el
SHEAlE U e
-AFE s el

- AR AR
- FARAE FE 0§47 AT
- o @XFE ATEY B3t

e Ea TR

- Agh A zEA

- AeeAd Az
Z 9 ATAE - ASE BS

- A8k B3]

- AT

- A=A
el ezt 4
)79 3} o e
-2 29

A5 T E& FF(2012)



o At AR ol A Aol gl BE A

o] A &S 93 AARLo gAY Q1Ao7 [ Folnt.
- At EAE” o A FES AAHCR sy gt R =

012358 “Asterdagr|BA 8 & v, 8k .

<# 3-10> X|ote=-ZE2[7[=42(201214-2021H) 0| FZIHEF 8l SH =TI A

—

=R XD
_odY . od=d el
- AR A 39
AR FARA - Be -5E2A - A4
-AE - HESTEAA BY
AT Ase das B

- FH kA At By
FARAE B3 o] 8IHA] AD | - AXF-A s AAHE
- Al - Al oin] Al BE
- oA 8 AU A
LEA ST AREHE] A3t - 2HA 3 ASAEY
- QAR B ARSI A A A H
AR e A FA )
2 B S8 L A7NE -HEAE Y 84
- AT #4E Ve
- HAE 7R
- AT d=ze st

fo

-3

b v BHFre A%
O =9 #RA%

ol W FAGY F71 L AFALY B2 Se, 7)ol

o (AAF2 BA4EA) EL i
=2 F49710 gt thso] ZastA HAH.

of e A A

N
e v
23

I
ol

- A BF S FASE AA A AA7E AdE A, 73S 5 A 84 9 sl
=9, & 75 Y @A ¥AE ZoE dudEn.

- OECD =7}F&0lA 2030 @7k#] #ej7F B Q3 Foks 7| $W¥3sh AEudA, &, 714, 5
7=l H7E) o= F&skal Atk (OECD, 2030).



o (Ad1Z L oA Fr) Mel, MfF 5 sMourR] uZde] wE oux Y] thfs
(Energy Mix) 2 A&7Fsg AR A4k 5 v Az GEE A AF Fart
718 Aoz A ot (UN, 2025).

o (F & ZF7b 20500l & 8+ 55% 7t B A= Uk (OECD, 2050).

- B 2Ef e A AAHSRE A4 FAE dFE 2R dqFHH, 2050d ] 23911 ¢
JAFCAAA 40% ©1°H7t & 2Ed 25 A5 2 A= detdr,

o (WEF ) FEES MEy 8409 502 A7 AEFTLS AHHoR 7asta
Ao 70— 06137k ¢F 31% 74, wid 25,0000 Fo] AbebA| AL g 20 T 301 ol
AT AA AEF 25%7F BFYE 202 ZHAT (UN, 20101,

o (BRY ESAEs d44H iyt EAE) ESASTAERAY] #YdgS T&H
M, 79 sl FEFS A 2 BYstaL BELASTY Ve AR =S A3}



Sof e Al st
A5 B RN
‘ool AR S WA AT e, 42, B
an | ERBEDRL AL 2 ks A - o) =4
pZs
sgH0s EgByndl 7o slal 271l ek ol
YR B8y Aux e 2 e
EAolE sl HE Aot AT 6
S84 - YBA - BelH Sane
s 873 fal 24 Bl 8 st
U aam aregsa v e Aady
. S I L E Cl=lSS
:'—} Oﬂ T:H Eo 170 HOH LE]
A% g 2% 38
wa | E¥ed-AE B2 A0 284
3 A
3 3l
At Adol e S v g Ao $7 )
ERE _
23 5 A
A% Eelgs BRARdE A8 0 3 g v
== o T
33714 :
Exz]=
Bl 2 AHE B FeeTEe s
L ASMsRse A9 Evadu 7l B A Al
& SAEGRY 2 /)% 2 el
£8 9 Bolgo A3k A5
<1El 3-24> EYX|StLHE S50 20t HZ7IERHE
@ = BAAY

o

~

#717) 2000t o] FHol S0l $-Etehel 4= 25} A1OHAS) o] BHLE I, 5§
#ARA AYoT AVHNA 2QHF D VLA F(eI o], YA, o2 1

e AEHor Fohd Aotk

ofy
o>
o

ot
o

- LOHAS(Lifestyle of Health and Sustainability) 24 7119 AZ3} &o] Ank =43l 3
AR e SH83k= Aot

- Ul FRES AR BololA BEHAR 53], olm TR e ARe| AFH Ao

- &5E Sk e ate Ao i ZdrER wobA, AHET siaFel dud A

$ upoja AbE A W go] fuE Aot

k)

AYASE AP AT WA, HAAN A DB A nHt AHDSE B
AR FAe] A% F7b} Seigk

- B51EAe £F 9 ST 37 502 ofdololAe] HAHAT WAo] F7EhA g},



2
al)
o
Y
o)
s
fol
i
do
e
f
u)
(1t
ko
)
i
AU
A
N
el
ko
p‘L
u)

o Haxt etAEHF7|A 2 X5kt etAEHME (A2l
. (08~12) (13 ~'17)
W A SR L EE
_ _ . A geEd #e,
AR A A } 3)EE-= = A7+
LR bl BerEA WE 47 oA o] S
= HiZde 29 &4 #e, A Hsid He,
71571 ATV D2 = A A S
_ G sHTP),
w%ﬁ z/g 2=~ Z] 7}
s poD T4 4 e A e
A2t A& 7 P DR RPN
A A e F B g & A FEAR s g3
ZEZ olxet AxF &
. e 5% EAEE QX AR A,
=4 QS ey
] A2l A&, M A& Adah F4,
1_7(:)‘7]%'/1\_]_—% - -
B0 FH A 229 #4719 4

A7 AR FHRAZ7AE (2013)

o (FetEd) B5HEA 52 % Wl 5ol B PED FetEAdnRel AA( 150 o
2 ssted Bl AsH D, fustetede] Avlwgel we 4%t g
o)},

- of 47 ol4be] BHetRAo] Sl A HEH I Qo uid 30001 olahel A B8R
Aol 55 Fgolt,

stet=d #5F S7F Fol ¢ 061 d 417.99 %= —  101d 432.59 k=
- 7k A T BRI eE e ke A3 B sekEd Ay Abae Y s fldl
s34, shaol vhd - Al we SetEde] - Sl 2 = B AT e
g FoE ot
o (71874) 13 LABAS0, CO) 2EEE 90du) Fukrrh 7A=Y o k2000d of
HE o] F= AAGH), 23 LEEH T NO, O3 2F=E 909t FHH-E o] ¢
taL, v ARA(PM, PMzs) @ d2A4= =7 A74e A& A8 Aoz oddn

143 2958 PMy A=e® AA 2 ‘149 53058 PMys 5= AR AA



-, 20243742 A7 T Ag}, AUA A TUF S0 FFLE tr e
=4 TS va 71 Aot (FAEFA X

- 2010d i8] * 2439 PMy 7,6108(13%), NOx 11,110E(4%), SOx 7,880, VOCs 17,598=
6%) 27 A

o (1M £ATks WMET BA oA aulE 4k

Thg A Bl wE e

L2011~ 257 AR UR &M Z718E 24% ARGE 14%, 7P A

1.6%)

- EigERe A, 21417 2 7

rfo

o (£%7) BOD 7]& s+

S Wy, BEE s

CHHEEE SEOAAT B A% BB 240 glo] B 84 A%
Aol h,

- mzo] g AT WA WAUE, oY 24 RS T 2RA Hx )AL AT
EERRDE

d Foke Adasigloy, =2 - A - AR Tl 9

A Hls A% C 039 209) - H66.1-72.7%), F-574
(64.4—66.8%), =73(76.2—>79.8%), B4t - A 217H70.7-71.2%)

- ek HdAY Fo = STt A 3L s

HE

< ol sigET
- A= 3 F 30% ©]7H96078 A F 30170 A ) s e A A7k de] BE o)s)t
T=olH, 40% °l/d stdel AAAe] JEd oz RHudy WsF 41%).

o (HNE) AT F7He 3= HrE HA F7F 13 3} Aol

2 s4o] Fouk, Au ol A
N5 B, NFTAANE, AAE ) 27 5o AR B F71E Aol
A}

2
o}
&
N
it
rlo
o|\
AN
N
R
B
o
o
=
(o]
rL
w
O
\]
&)
i
J’\l
—
—
rL
w
[\"]
>~
&Y
i

3 Fo| A& OR ZIFe) wet

TS
doltt (A5ar A KA Z7] S LA 2).

—
r (o]
oft
N
)
=)



e A

=

A W37t

& Zloz diddn (A5t 2

A

1

e

P
T

=35 7NA
- mid Foll A 500F2] A=)

- ¥

!

N
Njo
o
B
Wwh
T

._OL

o H 3} TA|Bt] 2

F

wAO

o (3tr=) 7]

.

J|

B7te]l g

—_—

B 71 A%

<
T

3

FYAE B

2009 o] % Zra

1

T

23 A3)

102,078km, "12d 123,309km

[

=

shuA A%

q

L:
RS

-’08

o (BEGTA) dHzAtdd WE &

N
No

X
il

o)
3r

!
Gl

=0

TR
oj

o

g

37 <)

S

o

Hol oh-s

0]

A <

L —

= 09 44=x— 10 55.6x2—" 11

@ 594205 7 glow, F2d A4 o] Aok #1417

LA

2

3|
i=|

o (8734, 2010).
ol A

=
o

o) AF A TN Loiu

9

=
T

3}

o]

22717

=N

o

A4 #ur} B8
2

1

i
7=

- A 71=EDS EEH gEo TR F4), BT(Hlo] ), NT(U) 5349 §37]s0] T

- oldf w2} E¢F - A

o OECD, UN

Y
0

il
ﬁo
o
oy
)
™

o}

H

7o
=0

A

|

3 A EpA

SEAF

Sl 4ol A=A

&
ﬁo

o el

T e

b, 71 E A, Z2FEA Ao,

3

3| A

4 9

L=
=

i

ksl
o}

oy, 3}

2%

3

73

)

o]

=

o

LT



< 3-12> EY - Xolrtd£2 O

2

A3

73

i

Oj2fAte] Het S ZHPL

20508 AIAl <17¢] °F 70 %7t
EAJol AFE Aoz o4

£3] Byolmest 8 g oz
27k, dobAloh 13 FYolA
ofol | AFHet 23019 o]
2718 1 AA Q179) 40 % o]
ol AR B BE

T=
Aol A 2 Zo2 o
e}

N
=

frafshet=4 9
Argo] QlFtol mX|&=
MAHRCE 55
H]OECD =7}1&9
Aol AA = A

=

o

>,\1
o
fu
2
0%

509744 A Q17 709
A 902 o) g0z, AAZBAE A
of 4 Z7hste] oF 8% O B
NUIAE 44T Ao A

AYAFe ZU, Ld7ts A
7 A9 Fn o) B A4
Z

[s)

S
it
°
%
o
i—“.
=2

7} LAV AEEE G4
718kl AHYed ASE
3l7] 9% #4E 7lss
=7}

o

[ ESe]

7] &4, 2% &, 18l
H7E A}t 2L =38 A
7} Toisd A

SETERE-ERERE P

& =A49 B 87 47

400%, 140%, 130% =94 =
2Y F 771 5% A% =
%

sietEde] A =Eol

& F7F JAAE o] Fa 3

A8 A SlETe
NH5m B ge FAH

A ZEEAQ AL 71

ol 7

At ol A UERS 1A
 Q21E9 AAZ #AY F
L =7}

= #H7E e A A
getlom A& Aol o
Hu, #7IEd| A8} 7e2

qerle == ==

E% - Ko EE
ol - 7l 40
EAlo]-&9] thefstol uke 3}t

A, gEerd, Bed 2R

Q14 vl
A9 shotea Ao 2
A8 Aty

e X CEL P
ERER

o Ass ed#A A
%



<E 3-129| Az&>

ol

o

A

d
=S

Oj2fAb=]| ks

o} 8l

47154 o)
F93} ol4el

et M AT 7]
T8l THE

20503714 PlAHA] =& 2 A%
ZI7| AR 7 A M A A wpd
28] o] FUsted 36wl o]
ArfolH, 7] 24 =7] At
fridste AA 1919 84

Fo o, i
o m[o rN

rzx‘aﬂkﬂl:’r

o

)
-
iy
rO

A= FAlolH 2050l
A= UIEA] o) B =T
HeS Ao w Ant

O o f Xl o o oo ol

(i og

i[EESe)

N
or
2
o
2,
-
1o
Uy

% o}
2EF B 4FVE0IT)
Saeds YA 7

52 A4 A2 4]
ERREAE I
502 gy

o ot
N
o

ox & ‘W d

e A Al
2o A AL 2
s2 AN sRgEns
o B #n

73 A A2

T8

EY - Xot2td
DIEHEW'* g 8
A" A 7 W

(ecosystem-based)d+ 7]<
g 4k

Ed 7s
g
AEAAH 2 7] B

et

A e 23

S ENA

L(ﬁ .
A, 2
o) AL -
A4 g5 27 oY Ba

%
537 Bk - Ad 7

5 AEAA R 2 A



(th EFA 7 71edd d=dE4 3 43 37}

O EY

W SQIAIE olmat Hgt

- mlghe) 29 9] 20 7| SNEATE A AR 60%E AT glor, dre] A9 Y
WAL 1A A%l 67%% Hfata Aok

- @A) ) ERASARE MEAQ 56 A7 AA A 50% o4 At Y A
o F4H

- FUE obd FaUA 9FE EPRSAGel FHHT Yok, FF A st @
25719 9179 TEE A Ao duH,

- U B - A FE AHEA = ESASE SEAEQ005), FEAAF o F3H20002

AsHAl st o, 2011de Byos EdEst A Fa FA011d, 12470 =
2014, 11071)



(74}

— A0 MOz —HY\ETE 193

160 7000
w0 5,558 107
120 124 ' g I+ 6000

120 - | som
100

«~ 4D00
B0 -

- 3000
[
a0 - 2000
0 - 100D

o 0
2006 2007 2008 2009 3010 201 2012 2013

A5 2006~2011 AT AZAL BN, AR, SAIE IS

<78 3-25> A EQ X|SIEA|IRRR FAH dgj=

o AA EFASG Azt dAH Aol B T 71 g 1E v s
_]

3 8l 584 IEe AT A 2240 T

- A BfA ST A AES AA B AAANGEY oF 5.6%, &
Rom, A EE 20109 7] oF 4469 2 E &
KoN

ARl 22142} 12.4%
A AZAEG TR ET

oﬁ
l‘-.~ Oﬁ

stEokol B3 AFwe WA 2A7 BAs

- A ARF-dE ol tiek Befdds WA I BAR A IR 2 ABGA T} AA A o

- T A

g7F T = AL

A ABRSRE PAE ZHY A WA 7ENE 2ASE CGE WA

AT

A3) WA 2A vheo] Pasi,

- e AAE AR BEGRF A AAEAT OR78: 14.3.24, A3:” 15.3.25)

- HEE AN Y Asron Trte] EFYSUIG APAD A, B9l 2 AAE v}



T

floF 2

9

- BRI AN E Ut 28Tt v

B
¢+

—
o

TR o] A mp-A

314

F 2Hg el o]

=
[

N7}

=i}
=

1 2d7)2 M

o A|3

A7t a2 H A

1t
J)]

)

AA A AFA 7} v Fa.

1

9]
w

o Agtg Lol

L
o

& dAon.

o
=]

Bgurhs o83

Al H|

e
=

=
H o

1 A=A
L

=

7170

s

AAA 24}
292 93

}

9
pil

HAlof] o

9 9

- BAHY  LdIA =A o A= AFe] A

A3gelt,
REEE

F

4317} v

=1
=

e

s} et 2AlS

el %714 A

o

_Z_O
i+

Br
oF

N

sk A eel A

¢

=42 sho}

st

S

o

=]



172 90%o]

73

T %

opE g zo|7b oy AXIThH] 2014 74%

121 90%

Pz
Lhld

_]

A
L4

o

=

2 HI7FE A

WA 712 /N EAFE (2008~2017)= Bl =W EA S}

1o

A

1

°
yal

A3

| =
boh.

of

S

AYEA I, 54 ZerE

=
T
48

- @A ARFN AF

N = T 0| o+ mﬂa o0 mﬁ I+ T
™ & o 9 ~ = N ™
¥ M i % TR ASUi_ \a WT 4
i 3 H S W B - G
B of ~ o TR <° To W
w %o iy 3 " u% % X o] @
i A X = " & of B g
X ) I — T X = F )
2 < X W o X > e )
i T o o . owm
o < * )
bl E.W :ﬂ ) % MM Mnnﬂ m R h dwu
0 R 0 X m=o
s T R of 1 Ty g
T my =K \H e oﬁa Jl o o M_w
s i = % S W I L N ® B
Tz G5 f sz £z BN
n- of 2 i ~ 2w s
L % o N MoN W X
i oo w = RO o T o e AP
. BoR D N T oo D @ o By
0 il ox = T —_ B © Oﬁ < A_l
u i N v SR W & o
= o = E N o Mow g g
S 5 = B Yo% . - =T T ) % 3
B W . T BN ) wm H B K = wr Mo
— 53 K o va
i D TE TR . A R
Bor M e i D P P o = °
o) T s o ®  dag W5 = ; o
o RUNN» gH Eﬂ T = Njo A H_T = - = mﬂrm o
o o KA A e L = o B =
m - e - w0 ™ oE = B XopoR
o % o H® - 8W g owx
A ) ~V
2 2o WwwrE 255 3¢ Txowc
N B oME o wd RTU TR T BT ow
o ¥ T noE N mdr Hd T owoM
S S s N X T e - TR 63
W oz ooowm T Ko oA T T B oy g o N
o mu_ S oJo W T W T M g Joo g 5 o XN
WoR oy s M AR RN OBE g BT
@ . ° | | | | ° 1

A7F Aot

1

°
yul



m ey 27

o IA g A

- oln] F¥HE A= Fdr|Eo] AL AR A o] W3 Bl TEIAAZ FHS

8 AT FT A FFHAGHE A §3 HAE 2-30E Shtel A4
2 97 =98 B8 N 9§18 A7 Zao) Basi,

N
k]
r {
o}
o
¥
fo
2=
of
b
ofy
fo
i
oft
P
(D]
=
>
>

Q
lo
o
2
o
z
E?l_‘
ol

P
H
)
)
40
lo

2

- T2 GAIA A7lEAg o]l 283kl A A4k T0%E FAste A= 78 =AU oH,
U A 30%2] dit= dRH7Ie/E, 371, 718 AT Sl olstoiorstr] wE
A

Zlgol 3k FAHEo] v W2 Aol

o M3t HA VY UF vF

O

- AgalaAle] A5 A AFL o FARFel} Tk o] f2 AFHA 0] Hgo] X wA
g, AFE RA7} 712e] B4 BakelA] A, AT1R AERAske] M2H A
2 Qs A7Fao] of 1

J

ook
Of

0

¢

o B

EQL‘
lo

AEA AAL 9% THY AA Ba

- AA FARE 71

o, jF 7}A] 7]&o] of

o AN EFANFRARY AAE FRHOR 29T 5 Y& slELe] aH:



7|E =)k
- 38hAbaL oS, AEl A 7 ] o] AR o
- EGA SR EoF Fslriwe Ay 7|3t —rl?ﬂ]”%‘ﬂﬂ <o gH, F3r|&
@_%7]%9] B o] FojF o, A 153l §E7IE] U
we ez P T 847|=9 Agsl
= FAAS 7HA L o, AFLEEd, - BRI e 48 9 g8
o A%e 723 So FAPYA] v | WP | 4 Jejo] thuig WaFoln, A F 8B
e TRV FHo] 8748 AAZ oA
- EA5I8 A 7|22 3l TEo w - A Z3%}+74 (subsurface environment)®] A 7-3}
2 29Ed F4 9 AoAF, A T2 g4, £ - 5}8 - AETH AT E AL
A FAEA] - HEld A, AR ALY F A= 7eMd
F31

<13 3-26> EYBYI|E HY

—

o Seluehs AYH JWHEF TR vrkE Teu) B wAol Qor, o 9]
A3 W MXE AELE o Folu, F7H FAY ARE 93 BAA ojelge] Ut
Qe BE SA4Y Fu gk AE Yaye] hTanh

- R AES A AR AA R, Astre 5 W FUF, FEGT] WA
¥ 483 setAnA GTH FAUCE o] §rbs ek

o I - 2)F o2 EgAStFRoF G RA I 8 SR AFAE] Ash A 2
A A o] FAHI Q7] FAEL B CEYLH R&D HY Ve AL

3’ & 9% 7l Y oAl SHEUH.

L EQAYE fA, A4, As Sol Be FE 5 EY
o

.?4
s AEAE F de 7€ 87 Agol SHHA

o EFAIAAT A AstrASAd 2437 a7

- EASS Aol 20049 o F FAAY D F/FUOE o] FolHMA B Ht
g Aol =7 FHHAoH A% Yo aFHLh

- Egode AsFod uls WU WAV 2o YR Bastel B Aats
BEAYE 248 9 s AgHh

o EFe el tg Fnel AN, BelARe P, EFw s)% B So D



H N
, — o A w i & = A
m oo T s e o o S
®"r 4 [ H ro R H ~ e A~ ~ . D <n
T %o Al — M 0| o T o o RO o
— X =r k) ‘A' ~o < On_ ~o =
3 = X am T X X & oy oF o 5 =~ T @
o ) hy 4 Moo . om w £ do o " e
:n W 5 - ol _Hm ) cm il 4 R o o i_ o A
1 ‘_4; ree 0 0 0 I =] il ‘a 0 =
7ot §F §r stz o ¢ T oz ER iz
N [ B @ o N M = T w" (T TR o
_H_ 00 =) ! iy jatill _;Io.ﬂ E._ | ,QI To
- w 1 ® o o = o ol o H.M e ﬂ e J Njo
= 3 - o il — o Ne 50 N uu RO < X G = X T
: o i " © T o G R - B T X
v | o ® RORARNG T o T3 B oo +
- = To < _ - My L
B ow R o R o o9 X 5 ) Wom W < N
~ T —
W RO = H._ o o w N o B @m o of o = K ow_ﬁ N M
N B 3 " ~ AN o | X ~ AF o > = N E N .1_@_
oo 5 = - fo R o B TE wox 3 T 5 K
5 oz B oLs  Z R T S Y »E w7
oo 3r = T ) T o N sy g < do " a4 I
o of o = o X o7 WooR 3 o9 o =
T " ! 0 ol o) % Ry O ™ B ¢
of ke 00 o o T 0= T " ~ e % | 5 ! ) @ Ko =
A} X . I} o ™ Ho - < X 9 . X0 To " foh- " ~ Hﬁrll ¥ =
o Th e % § 2 D T 2 2 Ty ¢F ZF
L PR Ew ma o =0T § 2L 3z % =h bT B°
K N K g mn " T om [ o 2o < W o
il w2 = el i = o o oy X2 s
< Blew Ts BT o = & o T o X T N
b Ea T B TR o R w BO0M g, ¥e DX
N SO TR SO B S W& G T P o @U o o o =
S T *NT g = GO o " Y e R = N L
L T g X <7 s 2E T Iy 3 = By u TE R T g
maawmﬂfwamnaqﬁ% TE w® 2 R DY oEs
oD X2 W N w .y o mK ] .
- R T e T = o o g _ Oy
BRIt I EELIREE s P I TE o2z g B
o ! _ al — = o <0 ! — plo
B 0 oF X BR W o ey
» R e TN g% o4 ¥ wmz §5 oo T AR o w A Lo R
= ~5 O.* ~a N [t 0 0 ‘ﬂl O-_ ) E HA_.O N |
= i_n.v = ml = m._ T oo A B _ _ ! o O
R 0
™ x_ | R ! _ o o



H 2UEAL O SN 7|Y - EQX|SI5eA HEAAX Sy
o 7] Ao 2 Eokxas Ao Ade thex 7o
-39 7} 9 A)e] @A) TS Ho), o2 Higo g § 3Re] Yo, B Y
A A o FAAY B Ao 5L o EokxasAdd] B gew) 2
o AAES AL 5 9k
- EGAEEE U7, 23 3 8449 F2 ujAS o] 2EE 74k¢]e] ujA &9
gL o2t
- B4 F2 75 Aol 2L dt - Ao], 2AF B W) A5 BY A= ABgo] 4
5t Ao 22 FAE ol EkAEdE BUsA He" £ gtk
- BANRL Yo 28 /5L o] RE J)% HHA BE 9] o]2]d BE| ~aEE FH
g g3Fo| Az B3 oo BHH FHU} 4] Mu|x FEE ZFEH o]= Bk sl
AGe 5 S 2 gats Aol el Ho|th
<H 3-13> ddd EQ XSt SHELAE XA g
S =golm i}
-1996d0] PRE A= A3
_ Fo g 73
e fﬁ;i}f’i - @A) 7670 7193 WA B, S AT
7% goy SO AT 4wl AedEy 22270, 9] Al B
Qo] A E7t=
S RE
e 1996d0] P AT AW
T RRAAIE AR, B TEGA - 008E 014 55 o B2
713 _dA 137 GEgA =
EFBAE -2011d PHE A= Al%g
_ Eor3l Az
e EdREE7 9 417) A 9 W] 55
A o -2013d 9 A= Al
_ 9o A 3
e E @A) 5 Mg ==
o - 20054 Qe A= A
o - LEEGAS -2011d 12474 o) B2 A shel 4 93744
A3} ® S2()7)g 4N, Fa719 704D
A sl o olmao
A8k f‘_’]ﬁ_] ;;ﬁjif}j 3 - 2003 RS A=Y
A8} R -t [ PO



- S

AsFE LG x2A - Bt

o AtFe PR} - B

At AR A AE AH] A~ o =
13H3 A A AE Al A& AR A=
A8t R U EH

2 EY - ASRAE R AA-E 774
B - Aeragndad £3A
ECFA B A H| 2
A8k B ) 22
EYgAR SIW
AstA R SIW AL

H| 2

A&7
A7)
A3 A

AE71#

A5 A
HE71H
A&7
A5 A

AE71#

A3 A
AN ZA
Az

- L Eate!
R L Eate!
A 2B
A 2B

B At nd ESf - Adtr BAdYE M 71, Ak, B A
2| 2] A 1] 2 Ed - At BAdd AT 71, A, B A
AS-IS TO-BE
<9a43} A7) s A H = FE e
A1) AR AR
B9 Az o \ Azt =9l
x|
s
HREEEE g Aeead viEel 129 QKN
' 2.3%)"
E% A5AE 32719 %4 5
<38 3-27> EY X5t MU EAR o MY MHA MY
@ A
@ A3 7edd dxzg qF 9 2AH
B SielAIE el=a} Hgt
o T At & o]BF oF 333 nio]H, o]F ARt 40.8m(12%) Ast+E ©l& Folth
- Agk o] &iF2 1994 A A o] % oF 1Low] FUtsil oM, &8 Bl FHE At

olg@e| F7b Freinh



- OECD =7}e] A= A st o] &&°] 3] S7HHL Ut

* 5u| oF 24%, 1 °F 21% (OECD H+ <F 22%)

O.u,

53], 822 AREE Askr vl 11 5%, "= 51%, okAlot 32%, SV 29%=
S-Euetel wls] e =

o obrlo}, FF, olZefst AETE FHOE FALEN BE WF L FEADL AT A
F A £8 8 FAF §F5E S0,
- olgha ob= FHE AR} AMAARAFERD, BE L WET LR, BE
F2EAY §FFF U FAUNG BEIANY 5
- 39 ASrBA N ZAS PE FOR 7R GAAY BHHL PFRALH A3}

T AdEok s9 REols AT AUtk

o I At e [AshrHl & 0oz o] FofA L flon, At o & - 7t

of &gk Ab2 FH A, sk o] B 8l A3t 52 [Askre] AR
|

o = Aoty A HE H T HFo E4to g Aste] A&k o] Aol vE3h
o, A8t ol & - Y T4 W AAR st TE3AH gRIE uH|E Aol

o T Asts ie] el %L WSl FHol o] FoIAA erob B A A& AL E
9]

o) AEL 9% WA - AAA Y Ao} vluate] A AR ABF BHo] o]
o) %7] &ETh

@ A5 A 1Ay Azt 52 2 A%

n lelx 27

o At #H SEH7|GS F 4000742 getHw, X&HHo08 Fleh=

__'i_
WAl A3 B 7edAY AstE Fel dedE X 3 #E Ao Al



A AR Asks Bd QAL oF 40007 HlgHe

s

9
- AA B A%

| 9% Aoz Fu 71g)e) 7 &AAY

Z o
=

i
o
oF
o
Hlo

b AR G A%

S

2 4 Sl F31 FolH, 1o whel A

m ey 27

K

)

T

71€°] 879

Y
on

B
file)
i

o
Py

N
#

|
—
file)

o

—_
o

i
file)

o
oF
i
-
,_ﬂﬂ
o)
4

o

]_

o0
N

(A

5

A4 A

FR] A D

il

)A
Ho

TR AL

+

o]
&

=)
o

, AR, A 52 3 ]

3L

(=m}]) EEH=Z, 1o

(Mul2]) FA7IEAAYA Y, A2AL, Ad2AL 7389

="
[¢)

N A B B4 Aske dF=AL 2 AR 24, Zledld

ahey.

B0

o

ﬁO
)

B3, CCS &3, A &&

-
st

X
@o

wK
.zﬁo
_XL



ALY

S
&

s

A
T=

<H 3-15> X|3}

o
$0

Jol!
Kto

ﬁo
cUle

A 717N EAY

=0

HH

)|

o

ﬁo
B
Nfo

X
_Z_O
el

1}

el

EFAstr A 7SN EAR

i

Gl

! A d A, e 59

™
W
ﬁo
B

X
@o

e
ﬁo
e

ﬁo
B
Njo

X
_Z_O
<A

&

)

Aol A,

K
do T
T
T
o)
o o]
L
N
won %
W E R
T o= R
6, Mo UT_
s
o T
X Ko
ﬂ
ﬂ_uo
K1y
iy
a
5w
T
W
g olo
2T
S
"
pr 2K
X
£
my
~

=3 2ol 1y

M, o

o] 54& 13 44 Ayt Hes

<
T

Bl

4 SHelA A

A

<
T

o A3}

%
&
T

P
T

Bl

43} A

7, AL 2 -

3

Dz

b 24}

S

- 71&9 B A

X
st7]

o

A(Site Specific)’

E
=

‘Aol



ER R ERt

| —
)

SO EEIOES!

T8

EEIOEE

S A7}

=
k

—_
o

e

Hlo

)

ox

&

—_
o

ie

o

T
o7
o
o
o
e

T
o

o)

o,

B2 &

No

1= FQv) o

J)

)

22

)

AEz AR Bast ok



tot

r

ox
e
[
T
M
M
fo
o 1=

o5

fu)
ﬁg
—?LE
M
™

ofe

ok

5l

Ju

= ol

o

o

02
tlo
i)
ol
ol
)

L, 1o lo

© 3o e 1 I
ol ol fo x M o2
Mo o2 o frotlo ox

o
ro
e .

oK
%
I
N
©
i
Ly o
b
>
ot
o
©
M
vl

Ao 24 54, 2HEH 9
g, TAY 59 =4#Y, AGAY
o] AleY, Az o] 2AF 7%
o 2k zle] o], kel Fo)y)
5 FR 5E BAg
o] eFQd Bz o] &S 3
o] AT} Ao Tkl 3o
SR8 S8 RAR 9 27,
A, B H

ot f M Alox ol L oox 2 o off 1o rx

A
Z

%

9

A7 n A . A
dRAA e e, YETFA el

A, AddApe] e, AeA A Y

T 52 R

ARz BAGe] S, DA

HE 52 BAY

MgAke EAAAN R AR

Newe So B RAL AY

L A2z, ABE T A ) B4

o] AFH A A AAZZTE ST} A

- NEATFE AIZ, A18x FA KA A7)

Foll Ado] BAEA = B o] U, 3
O 2 9tel A9AE =5 gA

- A21R(ESL] M - BHel| 2 EdE

M- mAse A 52 59

W A3 E4o B §2 B3 34
g S8 Bery A4 7% WA

W A452, A A9z B olA AT
e AN EA AE, HE £ 4A 5 &
Aol Fake MRS A9, B4 245
Aske w9l 74

C ABE, A A9 WA F A Sol
FERA REE 2N B P An

- B A25Z~A31F, ABDZE, AlsPHE A32%F,

ARTFA Az BAAH F7) 8 =
HAAADA Y oMol BADT A7)
9 2] w7t BAAAAN T Sl ld
%

A7z AEA AEnKe] 44 wgow 1
ol B BFEL AABH e 4
Eale] B4 gAWAo

golsta e

i)
u
2
X

r
o

o
it

- A3x 4Fol A EGEY fde BEAE T
o

shtz gelsta gl

KoK
=]



THEYGSHBAY A6z 2, 20119) Aod s

ﬁo
)

)

.
o

=N
o

g2 drgo|th

FHOR st JHAE 9F)
G AT BoNA Eoke FEWA, AR A5

Bl A4

shet.

¢

L
=g dgel Ba



-

K

r

ofr

100

92, 24 5)

A

[e)
ﬂ#

AE-GE, L, e

T
JJo

oF

O

il

=

M

2

|
ﬂ, A
R
o=
X =
MR
O B
o wm
B R
X | Hp
W xR
K 0o
H S

e

X

Ho
50
B wr
do T
o =
X R
Ho =)
W
T =
= .
R
Ho T+
.@.On_mo
P
Nx
,m.LL._o
W
®O A
X =
T o
Y
G
X
Ho

=24 44

o
;OH
R
el
.fo_l

&

O
(@)
2
[av]
g
S
m
o
=
oy
=0
T | o
o G
S
T
™ iz
w4
T 5
5 =
u_._.: O
Rl
B O
2
i
o | o
=0 n
A
e | e
W | No
R I
Wy &0

i
o

X

<!

0

v

o
;OH
i

AEERNES

a
K

o

O

-
ol

Gl

-
ol

=74

o

AL BE

=, &, AEAE A, 2

sHET FoF

=, 0, AAA], S e, S48

ApA|, Fuled, H,

AR

&

A

8
U85 SN

KO

X
W

E|
T
ﬂ.ﬂ
st
o
1
A
o
i
A
Mo

X

N

=y

W o X

$ &
o X

= I

5%

7l — —, kU

o ™ <k

o
ié

&

o
on
Ho

O

o
R
i
o
o
Ho

Iz

7

‘mo



>

A
=

3-179| A

<H

o 40 o O
20 7 K
oo
ks
._7._.0 joll
ou I
&) =
L B
Ho o ,ALW Njo
=N oy
B o X o
X I
Plo W ‘_Fo ﬂ_- mm_u ‘,.Wu o
O = o o R B o 1”.
300 m X m ™ ERRY Ry -
Ik e - N N~
- o Ho Mo A Mol Mo K R T oy N
W N B gl oy BKOEK B R R Molor B x 7 mo
A S e A R B R - A
RN W R m.L‘mLNEﬂﬁﬂz?mHmH H o = om w2y
=3 T < E | o —_ T ph T R X X < | <
. EEAMaL%. Ho ' Yo m o o o BB o
W Mo X W oo Nr < < T B "ogk R Ho i oo e ™ N
oo R T o N He = | o0 B W T A4 Mo Mo 4 w0 w4
¥ kT BHRZEHRmKT R RES DO DR R
AL My T 3
mm Y W ™ F <
rm < MO ar e Lm % =~ |u Mwm
R o K o T K T T
ra AP I a R R R g e
r Tl X T o P o T T PIAENE o
0 ARSI o IR e R R ) RN EGY X B Wod N L%
© R Mo ® o XX WP PR XOw S AE e P W oo W
TR oo m Mo WO OB M oT e BRSO % doomd omp N o TR o N ke TR oA
FE D DB R TR P U W o RN RNTRNRNP RN
0 0 g Kom IH K
200 Ho w1 o0 <}




>

E
=

3-179| A

<H

N
R 00 O O O O
o K
R X
0 jol
w o
7 ¢ o
s = oF
o wK N )
7 = X G
0 N pr—
Mu 1% T© 2
o wm_ﬁ T =
0
o » o X 4
100 ~ = 5
1+ =
= 3 s -
vl O
. s = ER zmm 2
e m 8 T T ok e b T
Xw m o ) A I T
Q oy Mo A S N N 50 wE M e ~
“lw o E 2 IS L Mo Mo Mo E 3
= 3 = 3 £ M » 3o T oF of | of mw RT
O o O O Zz o T R Ho T o Ho Yo W Mo
wo o A =
bEEF o
I I - S e
AW ~ X0
TR ﬂ_% = oy
W ol o} K _ " A= o
oy g s By W =0 o T
W xxd m T e © i bk
T T m B W oge 3 T oFor o or
o do Nt B BmE E N Yo o do Jo o
~ =y 10F o7 31/l -y RO — T — o or 0o —, & -
= XS 5 X pRnTS  joHFE2

b AE R 9 Asts e

9

Al

’

SR

1

9
pi

4, &4

4, AEAE)N h
‘ﬁ_

=

o

ERIESY
o] A4

R

[€)

=N

o
LN

o FdF

AR L&

=

o

sk A58 B

A4 57}
A4 7}
A7}

ofl
X

@ A%



N

—
o

Hlo

o) Alsjtelel wel A

5743

3}

_;q

A5}k

3+

SN

SEREE

5

st A

5

it

N

)
ox

+

o

o

o)
XV

il
e

N

J)
—

of

LA ] A3

i 71k At

213
B} A
=

[e]
T’:Oé

EUEE AA

ol
1=

14 g A A ddA Al e

A

besd ogl )

- A 3]

e

JENA &

SN

A

N

=0

O

Nr

N
o

o
< R A
)X am
2923
1 B

% < o W
o
N R
ﬁod.wu _i

of N ®

<]
I+

W BH

i
<
<
o
X
w

{ of 4 o R
T X T R

K AF X B o
I 1 I I 1
B
sl
ﬁo
ﬁo
B
MW
o
N
ol
A

Zm

A

Gl

)
A

H@r] 5 el Ast



(2) #82 OECD=7}e] EFAa5a7 A7} o4

Ob #HI%

© =7

o 3 I (European Union, EE 39 287 3|d=o® o] Aoz 19934 11¥
19 mt2EZSE %9 23] APEdon HAL FHAAFFAEEC)| T}

- 19573 =df L= UEHE, ASEFD), AT, W], ojggo}, T2 F oA
Z7FolR e, o] % 1973 dol= IdHEE A7 dnk=, ofddE, F=0], 19810l =
aEl 2, 19860l = 29]l, 22FE], 1990d0d= Fdo] FLH FF A9l 14 o

gro] Y=ol HAUuG
- 1995l ~9dl, ¢ ~Eglo}, HI=7} 2004 o= gtEN] o}, glFolU o}, EE}, S22 1Y)
o}, zZH| Yo}, d|~EYo} A=, 7)T2~, ZS=, §rtar) 7o, 20073 1€ 1Y
o= Fulyol, Erlg]olr}t 7Yl e, 201330 A Z2olE] oy} 28HA] 3]0 HUTH
- 2016 69 23Y F=ro] EEHE AANHA fY AT AV HEE o|Est= Algl7F HAY S}
At

o FHAF F A7+ 510,056,011 (2016 7I)olw A MA = FAAL 23% A=E

0 FHIALS EFS AY7bssAl & s B2 AdAdow BeFo EAHS 15
7IA 2 B3 QoM (Council of Europe, 1972; EC, 2007) <3& 3-19 #=>, o|& F423F ¢
dals EYed, B, Arl=dY 4, EGY uA, sk AHEL, REY A,
AETIEE a4 522 153t ot (Montanarella, 2008; EC, 2007; Turbeé et al.,

THAY =7kellA 529 tha (AA WA 2] 16%)A A7t BEF FlEo] AR o] B
Hoh (EC, 2002; EEA, 2015; EU, 2013).



<H 3-19> EUO|A QI43tR Qle EYO 54

0| £4

1 [-E9e A7 /P %o A0 Piss $4E 508 34

2 |- B TE I A71BAERAL Ealol 1Qlste), FEAT} JYRAS X3

3 [-E%e et sAE B3 4t 3710 A58 B 9

4 - Bk ﬂ‘é-&/?ﬂ.gi 45% F=4, 25% =, 25% &7, 5% 71 EEE FAE AT EG x3}
Hof gl =), AU, AF 5o BEAY PAPEE EFe] 212 AY

5 |- AsEFE A A 39

6 |- 4ZEF 0ES Iha 340 1fesde] A2 994 & e

7 [-45E%F aom AdH oz Y9k B 50080 2

8 |- E% Ihaol 589 58S 4 5 3

9 |- ARe Eg fr1EAE Bl

o |- E¥E te BEAIFO e 471842 4AGT JYBAL <V, 43 EUe FL
B ¥

|| |- MEE B 242 40w St s ABAT. ol2lT BES BRI Aok d o)
o] Btk Y EFS FHORRE BT

L |- ERE T AP Folw AAHY 2PEAL AP0 TA ASSE BB lhao)
EQRAdE 375080 B& A%

13 |- EgssAEe ol 100002152 o Eofol £

| SRR Eere 1255000 Bl flRaE FREL AS VI 1S T6009ES T
st glom], Holgli B BaTe 56000E

15 |- AZACIA Qo] rEal BEF o sjekis] 20%E X3

A& Council of Europe (1972); EC(2007)

@ E¥d 3%
mEYed

o FHEEA 3371 Y=} 678 F==, European Environment Information and
Observation Network (EIO-NET) 7Fd=D)dlA EFede A&EHo=Z Yelhya glod
2505t 7|47} XLZﬂﬁol E¢dRAolH, o]F 14% A=l MR 47E Ho] Hadh

LARAY Ao w FAE At} (Panagos et al., 2013; van Liedekerke et al., 2014).

¥ EEA 3= 337/= 2 & 287} EUS7HS} otole®t e, 2|RIFErS], mE290], 292,
E]7]9). EFA @8 37}s duhol, B ol&s| 24| THu, 4R, upA = o}, 2y
=2, MzZHn]ole]t} (UN Security Council Resolution 1244/99).

- ol#3 gL FY QT 1,000M T 2467149 A LFRA 7} EA)etE AT 2ok



Cyprus
Iceland
Kosovo
Montenegro
Hungary

FYR of Macedonia
Serbia

Estonia
Greece
Norway
Bulgaria
Slovakia
Romania

Ttaly

Austria

Malta

Croatia
Ireland
Liechtenstein
Sweden

Latvia
Switzerland
Lithuania
Spain

Average
United Kingdom
Finland
Germany
France
Denmark
Belgium (Flanders)
c Nﬁtﬂerlaﬂ]ds
zec :'%u ic

Luxembourg - .
0.00 5.00 10.00 15.00 20.00 25.00

Average: 2.46

H““”'"""

@ PCS identified per 1000 habitants
H Average

A5 ESDAC (2016), Panagos et al.(2013)

<72 3-28> EU 27}9| 017 1000HE} A Q HEX|

FHA AR’ = EU d=7Pa3 Zd=odA 3AQd LAFAE
o gt 2t} o F &9

7} dojd HAE A 2 FH-Z|(PCS, Potentially Contaminated Site) 2 # g3t} ¥k, @
2Ezgol, grte, 2ol AL SA7F A& B¢ HAHLAFAR A
FALEFA Y] & 20 w7HEE A F edFA S e 2 48 EH =
7HEE D) =71 A A LAFAE A st -9, i) AAZE A =9 22>
TR FAE LEFARZ A= A7 A

=
, SAFES, A7)0, dddE, @A

l

o AA FHAF 27/ =N o 2.5WE i FALFFATE ZAEAOH, o= 3971
EEA =719] 45%°l 39 Al LG FA 9] 1/3 AXER] 4v2A )47 L FF-A]olH, o]F
15%7F Astel F-x]olt} (Panagos et al., 2013).



<E 3-20> QEMs

=7te| HA LYFX|E LYEX|

e
v
BT | vEE R 0 | 4EE oSO (@)
(CS)a)
=71 33 12 11 38
AT 487,152,449 177,412,672 57,568,148 612,117,243
A ™ A (ki) 4,460,305 1,552,984 833,188 5,772,075
ZAH AR 79.6% 29.0% 9.4%
ZA g H A 77.3% 26.9% 14.4%
ZFA) & FH-=|(PCS) 1,169,649 739,968 2,553,000*
PCS/1000%! 24 4.2
L HEA(CS) 127,475 32,601 342,000*
CS/10,00021 2.62 5.7
A &5 (RSs) 58,336
RS/10,000%1 1.20

25 Panagos et al.(2013)

Estimated contaminated and

Identified remediated, contaminated, and

potentially contaminated sites potentially contaminated sites

Remediated 58 Contaminated
Contaminated 127
Potentially
Potentially contaminated
contaminated
0 200 400 600 800 1000 1200 1400 0 500 1000 1500 2000 2500 3000
Sites » 1.000 Sites x1.000

(a) (b)

A& Panagos et al.(2013).
= o] =29 i3l van Liedekerke et al.2014)= 78 ZoollA LEFA 9] Heje} sj4o] x| gov= I7PE o ¢
B2 gk F2& g&ste] AMgste AL dAeA s & des AFsa d&

<3d 3-29> REO| (a=elE Yot £X| =(RS), 33/4=0M E0E HM2FFX| (PCS) A
LQARKX F(CS). b)3N=S Uz FHE HMLHRX (PCS) X LERX] £(C9)



FADY 20T 2GRA FAH =A

o] 3B%E AL JoH, T Bgow

A A e LEEAEEE R 2
21tk (Panagos et al., 2013).
Military

3.4%
\

Transport spills on land 7.9%

Others 7.9%

Storage 10.5%

Ao 712 A R APRATE AA 2GR
Abe] - Y BEO o8 EFHRATL U%S
o % 2ol A 60%F A5

=24

Nuclear operations
0.1%

Waste disposal and
treatment 37.2%

A

Industrial and commercial activities

16

14

12

10

Energy production
Oilindustry

Chemical industry
Metal working industry
Electronic industry

Textile and leather industry
Wood and paper industry

Glass, ceramics, stone and soil industry

Production sector

8. Panagos et al.(2013).
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o 2Rl Belol wpd of 60¢) FE/h AHEHIL Qe AOE AW v ¢tk (Panagos
et al., 2013).

W U4

o EFHHL 4 Eou 46.3%°1 FFE& MAL Qom, oY EFFUL el P

13

| ..

el

=
o

B+ ThaolA 17E°] 32
o o@ Eake] Hale wd

;d-_g_

2

EoFe] 12} 26Wk hao] ol o]§ ), 1)
., 1991; EC/IRC, 2015)

1u'w o WE wE au E
1 1 1 L

‘ Soll Loss by Water in Europa |

0 250 wl(m

0~40F/haol

= §AEH, 71Fuske] o) 2ol

23tk (Turbé et al., 2010).

9l hao] vlgo] 935k % 21(Olderman

S0°E

M
1 L

| Soll loss rates

| Mg ha! yr)

‘-n -2
2-10

|- 0

25 Panagos et al. (2016)

<3d 3-31> REOA =0 ofct EYQ

FrEA A o] EFF A
o sig(Jeffery et al.,

A & 7}3‘6‘}11
3 7174e] ®
2l F7he]

2010)6#4
A EA < 01% =
7Y, AE 59k 7HE A7) o
2 AEHI Yot

o}

'} O
o

3

AN

72 (20109E 7|F)

Ehe] 37~57H]

5qle] zorahel
X8 7% st A
23} njetol] o3 2



- EC 2T/ =3 )12 9 =719 EA 95 F3r3 o= /3 CORINE (Coordination
of Information on the Environment) =2 13(1987d AJZsHe FHAGL 304 9]
CORINE 1&H o7 BF{3la o|& 447 A7 EE EF3sta, 2 W34S 1:100,000 2=
Hel] Eofo) dS A 2 H@rkekdtr (CEC, 21992; EEA, 2015, Wikipedia, 2015).
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Z}&: Strebotnjak (2010)

<12l 3-32> PESERA(Pan-European Soil Erosion Risk Assessment) 220 oot K& | EQF
XAl oS

- AAH o2 wid 2 717}%(20094%)91 gart EGRrIEZdE SHHA ] S22 87171
=9 gt EH L e (Lal, 2000), #rH o] &5 A B frled2 AAZ o2
21531 e ESF7IeAa(soil organic carbon) YAIETE 2%{ESFS] F7]1E A (soil
organic matter) &H o 2= ¢ 34% 4 = ot (Kemper and Koch, 1966; Huber et al., 2008;
Verheijen et al., 2005; Goidts and Van Wesemael, 2007; Panagos et al., 2013).



<HE 321> 93 ZJ}E9| SOC

otk (EIONET-Soil X&)

1km cells Area coverage with Average S0C Max SOC Std. dev.
=7} %] SOC value (%) content content %)
T > 0-30cm (%) | 0-30cm (%) §
L2Ego} 55,329 64.8 2.7a 53.3 3.3
E7F ot 14,101 12.6 2.1 71.6 1.0
dlol= 42,917 100.0 2.0 58.0 1.5
o ~E1] o} 13,379 28.4 3.5 53.4 4.6
ol 1322 1.8 13.3 55.8 14.1
of ef g 30,521 10.0 3.1 22.5 2.3
ygas 29,866 77.3 3.5 19.3 2.6
=29 9] 14,249 4.1 3.2 19.7 3.1
st 220,090 70.1 2.6 49.7 4.0
AN Zn]o} 1181 1.3 2.0 21.7 1.6
< =Zu}7]o} 26,959 54.0 1.3 50.0 1.1
292 105 0.3 4.5 39.9 5.6

1 av 2.1% using only grid cells with >50% agricultural cover.
Z}5.: Panagos (2013)
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2016).
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The natural susceptibility of soils to compaction

|

o3 (compaction)ol]  # <Fslt} (ESDAC,

shA T
Hrthas oFzt FEl = thxlo] 24, 336

Natural susceptibility
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[ No evaluation

A& Beata Houskova (2008)
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Saline and Sodic Soils in European Union

z} -

A& Toth et al (2008)

<72l 3-35> EU 2719 EQYF A3l sigt

B =X

2 EANAYY =2 d4, e A5 o 74 olgWH3Hland-take)ol ofsf A=

|

_?4
FHEQ AF(sealing)= EFH Aot LHOR oJojAH, gl WA= A9 &
‘{’:

l

- FE, AR, A D AYRA, £50A D A, 229 E S o5 #3AY =)
97t BEFFOR B 55S B glon, oejd A oA EFedo] Myt

(Umlauf et al., 2005).

W, == B WAL vjd 5.7%7F 57HK176,150—186,200k)3FA TF (Prokop et al.,
2011).

- EU 2770 =<l A4 19901d-20001d 713t < wid 1,000km2(275ha/€)e] H2lo] 2pH L glo
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Increase in artificial area
in coastal zones in

Projected increase in selected countries of Increase in artificial
urban population between mainland Europe area between
1990 - 2025 (%) 1975 - 1990 (%) 1950 - 1990 (%) Area type
‘ <0
To-10 <o
B 10-15 Wo-10 0-50
B 5-20 B 0-20 o 50-100
i 2 20 - 30 # 100 - 200 I Urban zone
_‘ no data 30 - 40 # 200 [ Sub urban zone

Probable problem areas of soil sealing in Europe (Source European Environment Agency)

A-5: ESDAC (2016)
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- 20040 J=HES}) L= EUYRT o|PAE

o EC+ 2002d Al6x} 374 o]d) = 73(Sixth Environment Action Programme, EAP)<)| A
B9kl A& RHEr] $% ‘Thematic Strategy on Soil Protection’ & xj&)s}3 o™,
2006 EUY| ES B 35t7] 913k 7FA(EU Directive) vl ol tfgh A E A&3 B}

AT
- A6k EAPE B4 T st 7= olafistal, B Woldd B34, B¢ Ho| J&H

UE A AR i) EG d& BAsteE Ags B g

- Al6x} EAPO] Mk A, Alxe

A AR 1 A, 5718 712
at7] 93k =wlol oA =X Zog FAH Yrh

PN Lo
N
s =
4
Ay
i
2
™
(@]
ya
o

o0 20063 ECx= EUY EYS ®BA3S7] 93 FAH(EU Directive) vlE o] thdt A E A=
sk Hvf 9lom, o] EU #ARHA= EU 57150l E&F 02 A=ro] EQf) Eofe] A
AAME 2= 75E& BAS] A8 Ul8o] X3H U

o0 20139 11¥€20¥ EU= A7} g4 old)xz 2 13(The 7th Environment Action Programme,
7th EAP)S 3293 Z A ([Decision No 1386/2013/EU of the European Parliament and of
the Council of 20 November 2013)°.2 &}l t} (EU, 2013).

- A7k EPA= 2050 d  “X o] Al A WollA 9-gl7) & Als A7 & Bl oz &
o, 20209 EZ®=Z 3} 9t

- A|7x EAP+= ‘Living well, within the limits of our planet’ & =215
Ao, EFS o] AAsA miAol] A= o, 6718 AA(2
of that #3, Alth 2] s, At WellAel Be, 42 A, &2 3o,
E¢fo izt 594 RAZARTE & vjA S 29 S AH o2 AA
stal ATt
- A7AF EAPE ArAx- 3 37 #e] 83 A& 7Hsg 7l (sustainable development), 2
Ma<& P%EE AR ZFAZ 970
o, B o2 RE EYS B
F3lal BAste] EUZ7FY] A A+KNatural Capital)S A aafjoF dhol] ths] A1 ¢ F
A|(Priority Objective D& t-FaL At}

747 A 53t (Environment Policy Integration)e]2}=
No

o] 9 A (Priority Objectives) &g @il

Aot o8 v 842 AEHR o] Aa(A4d 457), 2275

H il = "(l)— “
= AR SRS $AF2), &4 7| As g o) tigk A3 T2 A (A
o

& FHA7)
6 =), g aTel pelol h LAT FABFAT SUZS A SAT.
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Capital®] B, Bd gl F3 3 7ML frHe FAYE BEdy] S8
2020 Ay EThoFd At 73*}{1% w2 A o]y
S = sl A
-EAPE EU 3|5 So] A& g o|1 Aea
AAZ Asel7] Yo Ar)HA oz oA AL
S ZYoEx 2020 o] F 7| EAHH S ﬁﬂlﬁg
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4| AHAQ oL Bl FrEAE A
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5 -FHAYT BAAAES Y3 K217} Z7 | - ESDN 2013. Quarterly Report N32 on the 7th
71¥kg B (ESDN, 2013)2 3417 Environment Action Programme
6 -84 7% e S FAE FR
shal SHE AR AT 2F S FB
7 - 317 E3H(ntegration)® A A $-3&
< SAANZ
8 - FHAY =A19 ALTsA A
9 -IAA 84 9 7]$ef A" =AAL
Aol FHAT] 284S =9

A& End & Berger (2014)
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CAP(Common Agricultural Practice)d & Tl & EY49 ©AE #Agsr] 913 EYHe
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Environment)& 53l &84S Alstaxt stk

¥ LIFE Environment< European Commission (DG Environment and DG Climate Action)©]
weet, FHIRHED ] 43 7133t o] S AYUshr] A 7a5e A5
28 1992 AlRgE =2 aslo = 17](1992~1995), 271(1996~1999), 371(2000~2006),
LIFE+(2007~2013)2 F&=™, o] Z2I3& 39547 Z2AEE ¥g AAB1IY F2).

LIFE multiannual work programme(2014-2017)2 119} 25 74 HE 369 FZE 7%
ojgiol 7]ttt
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<H 3-26> EU LIFE Environment 20142| EQFO| EtA 22| FQ 1K

A XMW, 24 ZRHE

- Cross-border wet ec. Cross-border recovery and conservation of wet ecosystems

- Grassland restoration and marsh protectin in Egyek-Pusztakocs - Restoration of Dry grasslands
(Magredi) in four Sites of Community Importance of Friuli Lowland

- Action Plan for conservation and restoration of three woods in the Flemish Ardennes

- Kinnekulle Kinnekulle plateau mountain - restoration and conservation

- Conservation of Otis tarda in Hungary

- Waterlogging and grassland extensification in Lower Saxony to improve habitats of the
Corncrake (Crex crex) and the Black-tailed Godwit (Limosa limosa)

- Ausseerland Natural wood lands, bogs and habitat network around Aussee

- Re-wetting of the Ochsenmoor on the Diimmer

- Westliche Diimmerniederung Re-wetting of the Western Diimmer fen area

- Restoring raised bogs in Ireland

- Restoration of raised bogs in Denmark with new methods

- Restoration and grassland management of Felso-Kongo meadows - Conservation and
restoration of calcareous fens in Friuli

- Restoring active blanket bog in the Berwyn and Migneint SACs in Wales

- Hannoversche Moorgeest Re-wetting valuable raised bogs in the northern Hannover Region

- Sail and Surface water protection using conservation tillage in northern and central europe

- Sustainable agriculture in Carbon arithmetics

- Introduction of new olive crop management practices focused on climate change mitigation
and adaptation

- Regenerative agricultural practices: demonstration of an alternative sustainable management
of agrarian soils

- Technologies to stabilize soil organic carbon and farm productivity, promote waste value and
climate change mitigation

- Combating climate change through farming: application of a common evaluation system in the
4 largest agricultural economies of the EU

22 LIFE environment (2014)

o 7 AN EFAL NPT Y= EF P4, B L v A4S Sol B $38
4 5 A% T FUOE AN AT AN AL 2B £

- Soil Thematic Strategy (STl A X A&t Q&= 7Hd 23 EX9] FE8202L F o)
o] & Hlojd 4= Q= o2 Common Agricultural Policy (CAP)S} X|47153F vl 5.9} &
oko] ALg Foll #3 AEE AFSIAT

<¥ 3-27> EU LIFE Environment 201420 EYEHME 2
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A&7kse 59, 43 Z2sE

- Quality and respect for environment
- Crops for better soil Profitable organic farming techniques based on traditional crops:
contrasting soil degradation in the Mediterranean
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A&715% 59, 43 Z=dE

- Life Strategies for Organic- and Low-input-farming to Mitigate and Adapt to Climate Change

- Innovative approach for the participation of the farming sector in EMAS and the
experimentation of new formulas to create specialized employment formulas

- Environmental and Sustainable Management Systems in Extensive Agriculture

- Soil and Surface water protection using conservation tillage in northern and central europe

- Integrated management of agriculture in the surroundings of community importance wetlands
(sustainable wetlands)

- Optimisation of nitrogen management for groundwater quality improvement and conservation

- Sustainable and integrated soil management to reduce environmental effects

- Innovative hybrid MBR-(PAC-NF) systems to promote water reuse

- Regenerative agricultural practices: demonstration of an alternative sustainable management
of agrarian soils

- Helping enhanced soil functions and adaptation to climate change by sustainable conservation
agriculture techniques

- Co-composting procedures and its use on afforestation, landscaping and forestry and
agricultural crops in the Andalusian region

- Biocompost Demonstration Plant for composting municipal sewage sludges and rice straw, and
evaluation the agronomic quality of the produced compost

- PIGS- Pig-Farm Integrated Management Project

- Development and implementation of codes of good agricultural practices to reduce point source
and diffuse pollutions in the Peron catchments area

- Zero Nuisance Piggeries

- Water Resources Management in Cooperation with Agriculture. Compilation and
Implementation of Integrative Programmes of Measures According to the WFD to Reduce
Diffuse Pollution from Agriculture - Integrated Protection of Surface and Groundwater in
Agricultural Regions

- Environmentally-friendly management of swine waste based on innovative technology: a
demonstration project set in Aragon (Spain)

- Sustainable management of livestock waste for the removal/recovery of nutrients

- Valorization of the digestate from pig manure as new fertilizers with an organic /mineral base
and gradual release

- New technology capable of extending current application of bioremediation to soil
contaminated with chlorinated compounds, pesticides, PCBs and PAHs.

- Elimination of PCBs from the Food Chain through Bioremediation of agricultural superficies

- Environmental Friendly Technologies for Rural Development

- Strategies to improve and protect soil quality from the disposal of olive mills’ wastes in the
Mediterranean region

- Sustainable strategies for the improvement of seriously degraded agricultural areas: The
example of Pistachia vera L.

- Demonstration of alkaline hydrolysis as a new technology for remediation of pesticide
contaminated soil and groundwater

- Water Pollution Reduction and Water Saving Using a Natural Zeolite Cycle

- Innovative System for the Biochemical Restoration and Monitoring of Degraded Soils

- Surface Water Protection Against Diffuse Crop Protection Products Release

- Remediation of agricultural diffuse nitrate polluted waters though the implementation of a
permeable reactive barrier (NITRABAR)

- Mitigation of agricultural nonpoint-source pesticide pollution and phytoremediation in artificial
wetland ecosystems
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A&715% 59, 43 Z=dE

- Creation and restoration of aquatic ecosystems for improvement of water quality and
biodiversity in agricultural basins

- Farms for the future: Innovation for sustainable manure management from farm to soil
- Demonstration of innovative soil washing technology for removal of toxic metals from highly
contaminated garden soil

- Implementation of eco-compatible protocols for agricultural soil remediation in litorale
domizio-agro aversano nips

- ‘Strategic plan for the adaptation and application of the principles for the sustainable use
of pesticides in a vulnerable ecosystem’
Z+&: LIFE environment (2014)
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<H 3-28> EU LIFE Environment 20149 EQYMECIAUMES EX Gl 2LI517| ot =2 IHA|

0=

SCiery, 13 Z2HE

- Grassland restoration and marsh protection in Egyek-Pusztakocs

- Conservation actions for priority bird life in Lake Salso Oasis

- Dry Grassland in Denmark - Restoration and Conservation

- Restoring semi-natural habitat types to a total cover of site Helnees

- Restoring dry grasslands at Bgjden Nor with a positive influence on vulnerable coastal lagoon
habitat status

- Vercelli rice fields: integrated plan for environmental requalification and sustainable
management of rice agroecosystem

- Rehabilitation of natural habitats on the Tailles Plateau

- Conservation of Euro-siberian steppic woods and Pannonic sand steppes in “Nagykorosi
pusztai tolgyesek” pSCI

- Acidophilous oak woods with bogs and heaths

- Agroecosystems health cards: conservation of soil and vegetal diversity in mountain and bottom
valley grazing areas

- Habitat restoration & development for Scarce and Dusky Large Blue in N2K area Vlijmens
Ven, Moerputten and Bossche Broek

- Monitoring Soil Biological Activity by using a novel tool: EDAPHOLOG-System - system building
and field testing

A& LIFE environment (2014)
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<H 3-29> EU LIFE Environment 20149| 1} EXS YAt =2 1A

—

20 EQ 12 Z2ME

- Ythan Project The Ythan Project - sustainable land management in the Ythan catchment

- AgriPoM Odense Pilot River Basin - Agricultural Programme of Measures

- Application of integrative modelling and monitoring approaches for river basin management
evaluation

- Ecohydrologic rehabilitation of recreational reservoirs “Arturowek” in t.6dz as a model
approach to rehabilitation of urban reservoirs

- Living River Liesing - Demonstrative Ecological Reconstruction of a Heavily Modified
Waterbody in an Urban Environment

- Design of a decision tool for hydromorphological restoration of water bodies in Walloon Region

- Local hydro-morphology, habitat and RBMPs: new measures to improve ecological quality in
South European rivers and lakes

- CAMI Water-bearing characterization with integrated methodologies

- Tool for regional - scale assessment of groundwater storage improvement in adaptation to
climate change

A& LIFE environment (2014)

o Y FHEE LARAT 24 2 BAAST, LYRA Y BT BAWE oAkt

- QERAE st HYUsteE WA= ) ARAT =L FEx & (preliminary  study/site
identification), i) AF ZAHpreliminary investigation), iii) HFX]ZA} (main site
investigation), 1|3l iv) 3l T4 FHe o]d(implementation of risk reduction

measures) - - (remediation)e| t}.

- ogo] WASHE oAU UYL, fTolE WHUAY, ALY, FRAY,
A, AR A B, B TR0 AY 5 O, ofF o9 B0 tfE ANEezt
=

AR H, Bz FrkAE] 9]F A
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Breakdownof activities causing local soil contamination 2011

W Waste disposal and treatmenmt: Municipal Waste W storage

B Waste disposal and treatment; Wagtn Transpart spills on Land
W Industrial ared commesetial Attivities W Kuxclear operations
Military W Jihers

A& van Liedekerke et al. (2014)

<1g 337> 9Y 27159 2GR 54
GRAF A FUORE 0GVAY o §BAN Forue AU T nefs
o}

- FA ] Alrdo2E QHER AEA, 854, 3184 Mg o] o

A (n-sity) =5 LAF-A N4 Blojd Zelj(ex-sitoll A #8383t

- 7P QbR 0B AMSE = FeAE] WHE gUPEE Aol Qlom, QA EYS Hojuy
of iPAI7I= Wel MA 30%= 7P dubdoln, 2HA|5ke] A= FA L &

g] - 3}8}4 A @ (ex-situ physical and/or chemical treatments)7} 71 Qukz o & A9

37%l &3t
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Maost freguently applied remediaticn techniques for contaminated sail

AAAAA
Belgium (Flanders)
Estoria
Fintard

Hethedands.
Maorwary
Shovakia
Unized Kingdom

0% 10 % 20 % 30% 20 % 50% B0 % 7O % B0 % S0% 100 %

M in S Biological Freatment W In Sitw Prysical | Ohamical Traatment

M in Situ Thermal Treabment Ex Situ /! OIF site Biological Traatment (ascasvation)

W Ex Sitw | OFF site Physical § Chemical Treatment fexcavation B Ex S0l site Thermal Treatmens lescavation)

Ex Situ treatment (excavation) W Other soil Treatment (incl excavation & disposall

23 van Liedekerke et al. (2014)

<3 3-38> RE=ZIMS RLFEY N2 Y

o EUs 8 =7H] EY ARE =3, B, 73, T894 A3 + U+ 7§
Bz AlE (ESDAC, European Soil Data Centre)E 200613 A Hsla FHo B A5
£ AF3tal Aot (Panagos et al., 2012; ESDAC, 2016).

- ESDACE= #9 ‘Environmental Data Centres’ ¢] 3 F-&o]m, E%‘EQ] 2] (erosion), Bt
(compaction), A& t}FA] <=2 (biodiversity loss) 5& £ AAEANA AF AL
He FHEYY a840H A8T e EY A5 2 @E—E— TR B HEHE
7 gkt

- ESDACE AMIA 577 =7te] EY AR A28t ARE 435t 9lor, +8 A8 AL
= 7F= Germany (15%), UK (13%), Spain (9%), Italy (8%), France (8%) and the Netherlands
(7%)°] .

. EU 9o) 27holA AT 9 AFg: A4 doAel 12%E EU 9 7oA de

- ESDAC A5+ EU A™AAA=°] il §olstl Hostal AT o e A= (28]
FE Ao, Copyright 13k §lo] =ke] pH, A4 5 =l &2 6,0007) A= A
&3t Ut

o] Atz o] F AHEAE HBATFAHO8WE T F7], EX| o)L, 7|3l AETFA,
Max & 5o AHH 22 T Sl AHSETh
itk gio] o] A5 AT = low, BESF B 2 Al A1 e 14 At

- @9 EUE BEY) o4, A4, vgseh e A4, g3 Eoke] YA 2o F8
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<H 3-30> EU LIFE Environment 20149| EQ SZXI29| RLIHEZ HA += % SIS st
8 N

DLHE, 11 Z2NE

- a soil information system for the Maltese Islands

- Development of the Croatian soil monitoring programme with a pilot project

- Soil Sustainability (S0.S) Soil Sustainable Management in a Mediterranean River basin based on
the European Soil Thematic Strategy

- Multifunctional Soil Conservation and Land Management through the Development of a Web Based
Spatial Decision Supporting System

- Monitoring for soil protection

- Optimisation of nitrogen management for groundwater quality improvement and conservation

- Strategies to improve and protect soil quality from the disposal of olive mills’ wastes in the
Mediterranean region

- Elaboration of novel metagenomic method for environmental monitoring

- Monitoring Soil Biological Activity by using a novel tool: EDAPHOLOG-System - system building
and field testing

- En geintegreerd bodembeheer om MilieuEffecten TE Reduceren (Sustainable and integrated soil
management to reduce environmental effects)

- Innovative System for the Biochemical Restoration and Monitoring of Degraded Soils

A& LIFE environment (2014)

o HA, eA4A, HAVl=dE 5= T It B 4

=
il =
FRo(da, B, FEE HOBRE B 4¢ nEsty Yk

- 579 EU 571e] Ha A=A EGAEAAR S B3] 93 ESFBETHEA 9
BUEHLS o FAEE olyy HE 55U "ESRAY O EGAEGYL S B
el Aengt d e 318tEAo thal] EoFe d 7] E(trigger value)} tjEo] Eoko] ) st
Al &I HUE BYsta, ool thall A¥sta ok

o Fo
{_Eﬂi
rﬁr&
o =
©
X g

o
Jo
N
ol
rr
oxl
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o
o
2
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<# 3-31> EU UFE Environment 20149| EQFf QEX| =0l 5 2

Y

= flet =2 It

BX 29, 23 Z2HE

- Demonstration of the use of Monitored Natural Attenuation (MNA) as a Remediation
Technology

- Project to demonstrate the feasibility of compost bioremediation technology for the
reclamation and sustainable urban management of brownfields

- Biomass, remediation, re-generation: Re-using brownfields sites for renewable energy crops

- Remediation of degraded land in the region of Lignite Mine Konin by cultivation of industrial
hemp

- Phyles Pilot phytoremediation system for the clean up of lead-polluted soils

- Prevention of surface water pollution by mining activities

- Treating Waste for Restoring Land Sustainability

- Using ISCO with perozone for the remediation of a cocktail of organic contaminants at an
EX-rated industrial site in operation

- New approach on soil remediation by combination of biological and chemical oxidation
processes

- Rehabilitation of a heavy metal contaminated riverbed by phytoextraction technique

- Integrated monitoring system for the global evaluation of disposal activities in an industrial
waste land fill

- Landfill Monitoring for Life UK and Italy

- A pilot experiment of pollutant migration monitoring in a waste-disposal site using
crossborehole electrical resistivity tomography and integrated methodologies

- Capillary barrier for landfill Construction of a capillary barrier for the surface sealing system
of a landfill

- Bioman Bioabsorption of Metals from Abandoned mine sites

- Ecotechnology for environmental restoration of limestone quarries

- Post-mined polluted landscapes reclamation by means of valorization of different residues

- Project for the comprehensive restoration of the endorheic basin of Los Tollos (El Cuervo
and Jerez de la Frontera, Sevilla and Cadiz respectively)

- Laois The Treatment of Landfill Leachate Using Peat

- New low-cost procedure for sanitary landfill leachates treatment. Welkenraedt

- Filtering of Asbestos fibres in Leachate from hazardous waste Landfills

- The sustainable rehabilitation of the landfill site

- New Life Environmental recovery of degraded soils and desertified by a new treatment
technology for land reconstruction

- Innovative and Demonstrative Arsenic Remediation Technologies for Soils

Z+&.: LIFE environment (2014)

CEU Slse e 44 e AR 918 BHE wHor ECOlA nled mekel

e B At EFEETSE AR & B wgdstar o
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<H 3-33> EU LIFE Environment 2014°| EQXS HHSI7| ot =2 EEY X

2X M8 49 XtH|/(Land take & Sealing), 21 =ZME

- Sustainable urban development in  “PLATAFORMA CENTRAL IBERUM”

- A demonstration model which integrates environmental considerations in sustainable land use
planning and management through the use of ecological networks.

- A proposal for sustainable territorial planning

- Demonstration project on land use and environmental management of the physical planning
in Gallecs as a biological and stable connector in the fringe space of Barcelona metropolitan
area

- Project to demonstrate the feasibility of compost bioremediation technology for the
reclamation and sustainable urban management of brownfields

- Treating Waste for Restoring Land Sustainability

- Biomass, remediation, re-generation: Re-using brownfields sites for renewable energy crops.

- Maintaining quality urban environments for river corridors users and stakeholders

- Promoting the Protection of Natura and Biodiversity in Urban Areas: Award European Capital
of Nature and Biodiversity

- Green Areas Inner-city Agreement “GAIA” - Development of an urban green infrastructure
in the Chanteloup loop

- Quick urban forestation

- Sustainable Urban Planning Networks for green spaces

- Sustainable Urban Water Management Plans, promoting SUDS and considering Climate Change,
in the Province of Valencia

- Landscapes Climate-proofing Social Housing Landscapes

- Extensive roof greening

- Conservation and restoration of calcareous fens in Friuli

- Green tools for urban climate adaptation

- Green roofs against climate change. To establish a UK green roof code to support climate
change mitigation and adaptation.

- Constructing two demonstration green roofs to illustrate the potential of meeting
environmental and energy targets

- Multifunctional Soil Conservation and Land Management through the Development of a Web
Based Spatial Decision Supporting System

A2 LIFE environment (2014)

® As4 4% 2 A

o EUE 9 #e]River Basin Management)®} &9 3 #&](Flood Risk management), & &
=3} 7Ha(water scarcity and droughts), 2]4=(Drinking water), 3ll<=£&-%H(bathing water),
v E3} &2 Ajo]&(emissions and water reuse), A7+ W3}t WE E3 sFAY #E
o] A& AHA(adapting the management of water and environmental resources in
response to global change)e F8 A AYo = 3t} (EC, 2017).
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Salt water intrusion
due to groundwater
overexploitation

B sait water
intrusion

Groundwater
overexploitation

I No groundwater
overexploitation

Data available

No data

[ outside data
coverage

Z+g: EEA (2008.2.18.)
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European waters
currént status and future challenges
- a synthesis
Towards efficient use of Eurcpean waters - Eurcpean waters in
Water resources in assessment of the context of
Europe status and pressures Vulnerability
Other EEA reports
«  Climate change Indicators
+  Urban Adaptation
ey ) Assessment Assessment Water Floods in
. 'I{I;Eartr:rorml cohesion and of WFD of WFD Scarcity Europe
Rydromor and
=  Europe’s state of coasts ::_Ztsustf:d hzlu}gical : D‘FOI.I{ITITS
= Bathing water report 2012 Informathon informabion

Hazardous substances in
Europe's frash and marine

waters European Topic Centre (ETC) Reports
2+&: EEA (2017.3.26.)
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<H 3-34> EUQ| K|} 2+
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W DPSIR(Driver-Pressures-Status-Impacts-Response) (EC, 2008)
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Diving forces

Pressure

Agriculture
Industry Discharges Environmental MNature and
Energy conditions environment
Transport Land use * « Physical
Services + Chemical
Households/ Resource use + Recharge Health
Consumption

Response

<J#g 3-41> "DPSIR" 7iE &=

Z5: EC (2008)

Risks of pollution from diffuse/point
sources (urban, agriculture,
industrial): “bodies at risk™

Drinking water
abstraction (user
as receptor)

25 EC (2008)
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- @A 2) X3 BE XY 5 53] ARG} A5t HEVF @ FEHAY Eol AHAH S
2 YES= AMAAIY T2 BaUE A A 9S4 Fode] WA B A H(protected
area) 0.2 FE3||oF 3, & A5 A9 g AHOE BRoH XHo] 3fFHT)
- the Bathing Water Directive 76/160/EEC,

- the vulnerable zones under the Nitrates Directive 91/676/EEC
- the sensitive areas under the Urban Wastewater Directive 91/271/EEC,
- Natura 2000 sites designated under Directives 92/43/EEC and 79/409/EEC.

- B4 3) At BEUEH UERYF 75 U5 543 9 H88 37 29E EQE A5
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Z2 %7 3%5(good agricultural practice) 413§ A &(action programme)S £33 7]
AHe 2R FHAGY AFZF ¢ At F4E& Bsshr] sl 1991300 AA 3
o+ (EC, 2016: o]<=A1 <], 20154 A A-L).

ﬁ‘-' X W = “'i'w . v e £ -\
Nitrates Directive (91/676/EEC) \

Map of Nitrate Vulnerable Zones
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.
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Z+5: EU (2013)
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o Nitrates Directive7} Aetstes @ikl o d x| of A7HS 93 A e a4 2& =Y

A AR APz AL gl FGrloltk (EC, 2016: oA £, 201514 A1 -&).

- Z2 %95 &(Codes of Good Agricultural Practice, CGAP) A4S E3] Hd&5o) o
AR = FE e dubERl ZX(IEDAEE FHEAN AAFoZRN ALF FoAE

FEsta qlrk

- A2 T3 (Action Programmes, AP)-> NVZel| &= A84 223802 3|d=E
2 ANNEX 419] t &L nlg o2 A=to] a3 APE THE1, o] EColl Hasle] 413
sflof gt mi 4wty Hrpta, Hoo wel s, FAHWE JA] EColl Harstejok
Ela=g

o EUE =3 Ak o0& S A(Groundwater dependent terrestrial ecosystems,
GWDTEs)e] A|3t+AE 47FA &2 &7/3taL, ol g A FH3tAt

A. Ground Water discharges from 1B. Ground Water dschamges from
saturated 50l of rock 3t one spot saturated soil or rock and collects on
(Spring) or Miscrete Zone (s2epage) an impemmeable layer

l:l non or seasonally saturated soil or rock ]
[ saturated soil :r.:eq)er rock layers e l:l non er seasonally saturated soil or rock layers

I Groundwater Dependent Terrestrial Ecosystem - saturated soil or deeper rock layers
- impermeable layers

C. Ground Water discharges from
saturated sand D\ Ground Water dschares fram
‘aturated S0 OF ock and feeds

ephemeral I3kas or nvers

e

l:l non or seasonally saturated soil or rock layers
- saturated soil or desper rock layers

245 EC (201D

<12l 3-44> GWDTEs 79
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D EYE 8%

° A’ o2 wajH7lE FA o
o=

A=7] A2t (Page,

- Hooker Chemical and Plastic Corp 1922-19531d 713t o 22,000E(=H % <F 119H7)<]
3}l 7)1 &S 2B 7 do) mlY (Love Canale 98] 32 A=} o) 1940 dthol w1 3)
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Canal’elehe AFAG e =43k,

. 18369 13 ARI} Uolople} Ex Rze] £ajel BHaE ASE AN gy
AT} 189210 Lelek 2] B(William Love)7t B8 21417171 18] A 8-g 23
o, olF A7AA S0 Hulove)s| s masky Adsde] FuEglo
ololrbe} 0 2R El 1000k Hofxl ol o] 1nkel shake] 3k YRt WA Hich

- 19404 Th o] 5 yofopriet Fx RHo] EA= ARSI, BE &shet I Q12 st

- 19703t SH7kR] 2 AZ2djA]|Eo] A7} o] Aol &

o} FHlo] SoxTh.

Qom0 A7 Be AT A3} o] o] o
l

£ =7}, birth defects, F4+& £71 5

_'Q’_
- 19783 8¢, FH(FA tFH, Jimmy Carter)= ©] X Ho] HdstA] e I7HAIGFA S
(National Disaster Area)A| o2 F21x o7 HAXx3stal o] A He] 10047172 FHES U
I35HA 3hH, $3IFTES oA o] A Fe 3 SHA Y-S AEHT. o] T A= oH
A8 ZAe 2 Hdo #F FREY A4e SHow FUAI ARde|t

l

A

- 19943 6¢ Hooker Chemical and Plastic Corpe] <A13]A}Q1 Occidental Chemical Co.&= 93

o

BUUE-S o] 9| YA/ FOE FEF AR S Bt (14de] WA 2%
o] ), 19959 3)AH= US EPACY 1912098 2H8-2 o] A\ o] ZASNA n g0z A 8a
= Ao Folde.

- 1988 67kl AT AT 16008HE) A, o] Ao B o) F 23rhFe FAA
qom Aolgd 4 glom, 1 o AL 4 B Aoz o galA HUT.

71 2] Valley of Drums in Bullitt County (¥ 7]5%), Time Beach (v]x8] ) 59 S9F
AR sl 19708t & EFd o3 Al #AI17F 1xEH AT

1975d #E17]1F2] Drum Al=(F 13 ol o] 7)ol F53F AFH 7122 YR 17,000 =& o]
FAEo] olE HIIE ERA 140F ol TEE, WAt EAE(Aromatic
hydrocarbons), PCB5-& £33t 3}stE 2 o] f&5

A= FHAEHAE F A= Zlo] ZAEHIL
FEol 19929744 AstE FA Pt (EPA, 1992).

al,
om, o] A
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= T 1 R AR [fts]
1983 3,350%HE2 FASte o] A He] FRIES A x| skar, 19901 d7kA] 5,2505H=
| A9 o] Asto] Fabslelar, 1990 6220, o] A9 2ol o] = Synthex
Agribusinessi= ©] A o] B FrlF o7 9HTE-191AREo] 229 Ho=z Hyls}

a7, dioxineo. 2 ¥ o] Ao edRA A= 19973 45 H AT (Page, 1997).

=84 QAR LR o] AHe ESI AstrE LAA7IAL AT ol 1983 d AA

O

o 1983 w]=r 93] 9] Office of Technology Assessment(1983)ell <Js}H, BAl wl=re] 7
600,000 7§42 297 B/} Qe Aow =A3F )

o 2002\ 43,0007 ©]’de] FAVF LAHAAY L@tEAEel Jom, 20149 29 A
National Priority Lists(NPL)oll =Z5 o] = LGFA = 1,3227] &0, 5370 4&7F 24 2
SA F-A o st

- 2002'd &A w|=oll A CERCLISO SA1¥ Superfund H-A+&= & 10,87971 4011, o]Zol A]
NPL BA]+&= 1,22471 4 Non-NPLE-X|+= 9,655 7 &0]H, o]|FoA AslE Eedo =z <l
sl A NPL H-R|= 9947 A0]a1, Non-NPLE-A] = 1,0937]40]t} (983} 5, 2002).
- EFed o= sk SuperfundiF-A] 7} A NPL FA] o] 7% 81% s|dslH, EFH S

Z 213k Non-NPLH-A]+= A A Non-NPLHF-=A]2] <¢F 11%e°l 3|33t}
- 20143 29 #A) 3757042 NPL FXA|7} A3}lx o] NPLo|A 1A & At}

o "= AgEkA| 9] 27%A8M T ha)7t AA 2 14 AR FEHL o, s8R of

3
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Erosion on Cropland, 1982 - 2003
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B Sheet & Rill Eresion 1B Wind erosion

25 USDA/NRCS (2006)
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= Impacts of overpumping of ground water and
ground-water depletion
; Source: ]
College of Alameda Physical Geography
Ory
Land
Well Subsidence
Cone OF
WATER TnBL Depression
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R RSV e

Intrusion
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- HE ek ¢ BARAH Columbia River Basalt ti&=%, 7)), TE3 IS, A8 5&
Ak Aok MLE A7 AH A A 30meld A= AT

- YA AR 9R] ArizonaTF= TSkl WE Ak R A9 7F 90 - 150m A
= 3 AL, AREASHE 1940t Ao B = dm7kA] SAHE R =35 2|5k
9 Aste sl A &AS 2

- Chicago A<l
Ao = Ast7}

o] L
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Y EXPLANATION -~
E) ?QD Groundwater depletion, in cubic kilometers
- 40t =10 ! | Wt 25
Ty o s D 1 [ oo &5 H = i
U 00 KILOMETERS [ Dte3 N oo 0 = 500 KILOMETERS
L L 1 - [ ] aww | R
Bass from U.5. Geological Sur mwduuldln,iﬂ?ﬂlmm * I
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Figure2. Map of the United States (excluding Alaska) showing cumulative groundwater depletion, 1900 through 2008, in 40 assessed
aquifer systems or subareas. Index numbers are defined in table 1. Colors are hatched in the Dakota aquifer (area 39) where the aquifer
overlaps with other aquifers having different values of depletion.
25 USGS (2016)
B~
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(USGS, 2016).
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- AFF-A e Az WslE s FRAE JIFS Y3
- ZIAGE AR QA8 Astr Fael YEste FAA ddFe Y3
- 3 9 AstE ARk EAGT
o ofg]xu F Tucson E+-9] Santa Cruz 3k T3k 194230 = i S wel o8 2
AEo] 2AYAR, FH B #AZ ostH, el o AstH7E 30mold sHst
= o]23F Zgo] A Ao F Ao g AL3HHA, A WilE X3yt

(79 3-48 #=x).

Santa Cruz Riv nea TlUcson, Arizona, Photo
A& USGS (2016)
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Mevada Idaho Colerado New Jersey

Las Wegas Valley Raft River area  Derver area Atlantic City-Oceanside area
Barmegat Bay-MNew York Bay

coastal area

Delaware
California Bowers ares
Antzlope Valley Dover area
Coachilla Vallay |
Elsinare Vallay {,
La Verna arap !
Lucerne Val
hojave River Basin Virginia
Cirsard Plain Franklin-Suffolk area
Fomara Basin Williarshurg-West Point area
Secraments Vallay
Salimas Valley

New Mexico Louisiana
Albu e Basin Baton Rouge area
Mirmbres Bagin Mew Orleans area

San Banito Valley
San Bermnarding area
san Gabriel Valley

San Jacinto Basin Georgia
San Joaguin Vallay Arizona Texas Savannah areq
San Luis Obispo area Awra ‘-’alleg Houstan-Galvestan

Santa Clara Valley East Salt River Valley Hueco Bolson-El Paso, Juarar

Temeculs Valley Elmy Basin

Walf Valley Gila Bend arca

Harquahala Plain

S e Velel [ | Major unconsalidated aquifer systems
Tucsan Basin in the contarminous United States
West Salt River Valley (modified froem Clanvges and Price, 1986
Willcox Basin

Z+g: USGS (2016)
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2016).
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54 o)
Eofl 9% 38170e] Ak A A G thatel, 3 L WAL FAsHe], A5

A edes WA A¥es AaATle §Y k¥o] A&KHOoR o|FofAA Ut
(EPA, 2017b).

ojglo| = Asloll A LHE 4 = S=d B LEEE e AL AAHA Tl
]

ofsf WA F gon, I LFEHEE taH 2ok (USGS, 2017b).
9

Zo e} FE HEEE AFAe vse] 3
gobra 8 e Ady =4

1335 = 019 3B Ao £

Aotz 8 st gAde FEol o7 HEE oty +4

il

;{o
Jo
AN

ol gk A4 9l 5 FEFAFl tHallA= 1992-200437kA] NAWQA ==&
= Ao Ax =AY 3t Atk (Dubrovsky et al., 2010).

R8b7} spl AR okste] PEAT Uloln, $BE ol EHE

5
Aspre) A A2 0ol AP $8E FABRYEH 53 SAAL A BAol

AFo] A APAR, FAR, AAA FRA Fo NP A o5 BTH
M AUl feHhS FYATE T Age ARl on AR HrF B

7¥sted A EAloF el ek 1= o1 = Atk

[N
rlo
I
=
fu
Jo
N
)
N
i
1-0
E
olN

=9, EARAY ABEBA 64%7} WiASEE 2959 TP G A
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0 19704 t) FWAA EFFo] HEfTR ol G 5N AFAT BDHA B
Aoz AAEYot A2 AT 3tH FUA Y] ASE AFAL FaG A%S 5
4 eguoE AgHm, AX HFHE FAF BAAX =asise dels AT

o2 F8 edEdE FYHA Fsta Aok (USGS, 2016).

- AR BEASS EPAC 93] S8 71Fe] AL PBATAMCLIE FA71F0] AR

o m= USGSe] NAWQA AFY ZAF Aol 9J3lH ZAMH EE A EGoA 3l o] Ao 4k
ZA7Y AEHPgon dF HAGAAE 97%, EAAGAAAE 97%, EFA LA =
94%2] A7t AEFH At (Gilliom et al., 2006).

rr

- f1AEA AFAE AAE O old AEHA BAW Bk HABAA HFEL =
Agol AEHo] B4 oA ALAol Atk
2 2%A AFNEIL Sk A FYA ] ARA S 50%7}

Egetal i, 2 Fdd AR s 13014 sk o4

A 7E R A ‘L’%%E‘r.

- olEZ}A AZEF o= Ao 2w, 50% o]4e] FAA A olEtZ HFo] o =5
+. 53], Indiana®} Ohiooll Al 53] T AR, HAREAH O 2 2| 5}Fo| A= H

atrazine A& WEE e

N
Fj_l
N
w
o %

- AZAE <

13} )
A AR dEs AR edEdE JAASkA, #Ert ad T
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ﬁ;grir:ulluml
(e _ |

(P2 | _ |

Lrban

il |
Pded | ] |
Rodwcd |

a 1 2 3 4 &6 GC S0 WD 15000

Flslizn ko, Rl milwogen dieed i
in milirams, por Biky @i R AT s sl od el
I promels e wen
Z+&: Dubrovsky et al.(2010)

<3d 3-50> 0|7 5% ZAXY HEZEol Zatd 2L sket 24 St

Sereamms sl wells with eencentsations greater
tham umaa- hezlih benclaa ks for wates

Agricultural areas

Flreamweater [:l'é-ﬁ".ﬁ
Fivalaer qromnd waler Hmﬁ

Urban areas
S il wepbn DG.F%
Sl gromd seaer [ 4 gy

Undeveloped areas

Fhiean «aler | none
Shealiaes qromnd suehor | none

Mixed land uses
Fliwaan sealar ] 1.5%
Mijas apeifess ||1,0%
] 25 50 75 1oa

Percentage of stream sites or wells with
Pl e pesticides exeapding
7 By - bz ol femehanaik

A& Gilliom et al.(2006)

<38 3-51> O|=e| Ay +27[ES =5t 45K s=5 71T skt 27g2| HiEg
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Predicted occurrence of atrazine in ground water

Predicted frequency of detections, as a percentage of shallow wells
<2 [ =50-75
1 25-50 B =75

[ 1 No prediction — areas have less than
50 percent agricuftural land use

A& Gilliom et al.(2006)

<12 3-52> 0|2 X|st5= L} OtERtX(atrazine)2| HZE O|F T

B N7IA-YU JiE Al Y2 AT X5t 2F

[y e} a

2010 w5 oJ3]e] QFtol whe} EPAVE Fobabs o] fal w=dbel ik R

O A% eAgsrE Askeet A LdS YA, E o= éiﬁé}l AT
© S AT vl Rudoy, dqrE e Atz A7) A gow FHdo] 2
e 7HeAol &l AAEHL AT (8, 2016).

2
-
=2
1Y
S

A3 Azl Ao ARS, FEEE 7Y olF o2 <
, 9 F(flowback), &=<(formation fluid)s2] #F52} A3l
Pz

E 29N e HrlEe AAE 9F 5= st Ao (Kappel, et al., 2013).

B SHAFE56GCD)E A A3F 24 & FHFHE

- Aol AAZ FEHE AAGEFE A AFLYH A5FHE Bao] HuHT
oIt (19 3-32 ),
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Long Island

San Francisco

Pacific =%, LOS Angeles
Ocean ° %

Atlantic

Ocean
1000 km
== yulnerable to ocean pollution
== vulnerable to saltwater invasion Gulf of Mexico Southeast

both
A= USGS(2016)

. Florida

<12 3-53> SGDO| /3t BIYL UK AT} B 4AEX| 0| XS HOjFE SGD HAXS x| &

o
N

o,
o
rlo
>
z
o
4
ox
N
of\i
K-
Ho

1:1 AE AAANZ17] s AHEE #goz CO, A%, &
= A, A A S3, FE A, e BA o] gt §E2 ol &HY AT

FYOE AT A 299 FsAel hFEHI ek

- F94e) 4L 19309 tol AR AR A5FE AR el AU,
£ B3} Al kgl H5E A6l Tk

o oo mIo A= FASEFTHEDWA oA AF F4 #2(UIC: Underground Injection
ControDE 93F Z233S /|Este], 3 FUH FAZ Jd) FFaFAIEe] &

85 £ANEE 2AHA FEF B Uk

CELES IR L

o WFe AA FALA At vFo] T Holm WAES, MAFFAL, FiE
S, BFFFARNAY NFE 1, AAHOE PR ANAET SE5E A5
of SJEFI 9ol 53 FARU MRAGY FPLe Aol B EEI} w Hol

o+ (53, 2016).
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o el Aty Bele Aol
Ne F2 A3

<
T
4 BEH I

<HE 3-35> O|29| X[s}487

Top Topic
- A ol §-FF
A A5 B
-7, 74 3 - b =8 (SDWA)
- RTe] 4%

- Ground Water Rule (GWR)

-Ase Z3Y T,
2
-Ase - 5 53
“Ase ¢ B - HLEUCWA)
- 54712 47 - Qb & -5 H(SDWA)
- b & -5 H(SDWA)
- AU AT B AWRCRA)
SERRA SHEd 3 AU
~Ass od Bl (CERCLA)
- e B(CWA)
AR E AT A A
(FIFRA)
A o2y Ao
A
- (GDE) 2]
e R L
2e)(@A)

- A go=] #H
25 784(2016) Y2
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- FY R 322 73 (WHP)
- 4R 32 73A(SWP)

- T 7HA 8 R U B U E AINGWMN
,National Ground-Water Monitoring
Network)

Program(& 7 4 B 2129 93], ACWI
2 USGS)

- NWIS (USGS)

- STORET (EPA)

- STEWARDS(USDA ARS)

- WQP

- = 7}4=2 % 7HKNAWQA; National
Water-Quality Assessment) Program
(USGS)

- USTs
-UIC

- Groundwater-Streamgage
Project(USGS)

- SSWR research program,

- wetland reserve program (USDA NRCS)

- Conservation Reserve program (USDA)

- national Wetland Inventory (FWS)

- UIC class II or V,



<# 3-36> O|=9| X|o}=

=8 HHE

Faug

RS
(Safe Drinking
Water Act, 1974

A~
S

_/] _«_g_ Ez—l_,] /\l;ézq xl-;q]

R

(Clean Water Act)

o= W Al

A 59

SLEE

deshr] Ak 718
275k s A

e

=

Pollution Control ActOIH] 19724 01]
AFE = S

EPAE ©] ‘ﬂoﬂ o3| 4t H VEs A
she 59 o #y 2SS Adsta
A Aol A ¢E A=A g 47
A4

o] 3}l
Al PLO"E:
CWAE=
U,

Y3

o
A 7

A

—_

7‘3

A AL A= 4

AHA RS} 5]

&3k H st e &84,
(Resource AV E 5o 1A

Conservation and

A A7) =,

A8 BelE A% 21y

v 3l A ¥ 7] &S thF+= Subtitle D&} 30
A H 7] ES oF+= Subtitle C, A3k9 B4
sle] 523 A F A A8 A(underground storage
tank) #2]E 91§ Subtitle 7} U

Subtitle D] 42 HIF3l 1A H =2 o
=] (open dumpm 2 25 A, YA
g sl H4 5 gAY *9F 7+

=
g A= P

=

g =3

o

Recovery Act: | AA AeE F3aty] | -Subtitle C Aol o3l ol AA7 =2 24
Asl7] 98 234 2 1S sfast
- Subtitle 1= At ool A= W 2
Aol He /iy FallEdS Adste A
TAZRAY] BHE AT %75“”
DPYRE el F gl | - S TEAWAL YA Sl f3H71 =
CERCLA(Comprehen | 773} 8740 Ysls F= of'ﬁ)g«% TEL%%;/] a4, ZHA-% %7(?:“- %jj
_ S 7138 2= 9] = OB = = 8293
sive Environmental | fa3sHEHe +& v | T 7}3 o EAG e EE e
R L el A 0 of - =+ 9 = AAZL =
€Sponse, TE7FeAC A e | o] 20 ZHE SaF 7| Eo] ] oo
C‘om‘p_ensation, and T AES B‘Pi“}jlifﬂ, 9= A= _|oty Hol2 2 A5l 9} om 99
Liability Act, 1980) °ol& #sf st YA/} QR B AGo] 2HS AHF s}
AFARA Aas A7 | 7] 98 7122 o

=
L

A

E%H2016), 2 -8-2(2016) AL A3
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<H 3-369| A&>

Fo HANE =5 EoJNE=1
—EE A=
Ag @ Amg-Aag |- A8 24
EY5E 4oz g | T4 ¥ 2UHT
- A3 Adlo] Q= S % T2
Ground Water Rule | A2 &5 FE& ;:; 1}0 32? )2];4 —;r:i]ﬂ el
(GWR, 2006) Adata A QzolA £A D AE AT
- o - <) LG
PAEERE R2IT 2 g A 22 8 1%
A% -FE Y3 A, B, g 71247
_/\;‘4__1 tﬂo] ol uﬂ _“ _g_d
b5 153H2016), 71-8-2(2016) ¥l A4

B 2Hs T2 7]3M(Source Water Protection) (11-S%F, 2016)

o] &S A He=H, o5 Y4(source water)ekal
Z 34 =4 source waterE A0

=
FAYHES € 4 AL, 29" Bl =EHe TTEAA

ol ol
tlo
do
:‘u}l‘_',
+
R
ich

_|_4

AEE AT

rr
oo
ofo
-
ro
1o
s
foi
i
]
e
ol

- U4 7} (source water assessment; SWA)
A

- 1996 ¥ SDWAANAM = FaaFAldel tish d4 H71e 694 A XS 9lor, o
A A &L g3 2o

16 - 94 25 7o) A4 FEFFFAMC] §58 A5sE Ao] DA% BT

20 - 71 A L9 2 85 FFA D] AAHOE Aol B & e
BE /1244 099 EE B5S /]S

‘]

>M

6) Wesl fral d71Be]l WlE ® A4S of)she

o] olue}, 7] %] WA YAY HEHe] = AL o @,
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Al 2ol Tetell et Wi AR e A @) s A1
3

- AYAR] RS A= BXClE 1A, BA 78, 1S 0] Uw

o EPAS] A=Al¥ HE==Z&= Drinking Water State Revolving Fund¢} Clean Water Act
State Revolving Fund7} 9t} (&2, 2016).

B 3+ B35 ==z 78 (Wellhead Protection Program) (Z-2%, 2016)

0 WHPE 19863 SDWA 714 A S85UE oddog2RE BI357] Yl FAHREZE 3
oAF T2 IS fEsl=E Q7T

- 1990d ol 2 22 WHP= AMZE AAE F9387F T2 T3l A AHHo=
78418k aL T
H 528 == =23 (Sole Source Aquifer; SSA) ( , 2016)

o EPAdA = th4=50] 3f
SHEA FElgdez v}

= 50%9) &858 FFAAUL tsFol

o SA AAHL A% HYL AEs= AL 57 98] EPAcIAE= 198730l SSA Designation
Petitioner GuidanceE 7rstg =6 7)o+ -z AA A FL92Y tE5E o7

24, A 5859 B7F Foll g "AE 23kl ok

- SSA9] 9|9} A=+ B = National Geographic Information Systems®] SSA layerell A &=
1 2137 National Environmental Policy Actslol| Al 4 F-oF A ApA| =0 A H 7t de] &

- e s AR AYqom A E A Held AR Adom Fa == Aol o

M= tes 29 7HeAdol el EPAYYE Hrtst =5 jith

Y
ft
e
o
oL
o
30
rlr
>
r?
o
ot
O
_HJ

H ARG Y] AAS A DstE 7] H-E EPA @A
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- EPA Region 1, New England Officeell ¢]3ll 2008d 8€ 7|=2.2 Z 1671, Region 9, Pacific
Southwest Officeel] o3 971 A= ol AHEH ATk (O 3-54 F=).

Approximate Location of Designated
Sole Source Agquifers

EPA Region 1

(Cctober, 2008)

o

&
a 25 B0 76 M
T

CALIFORNIA

Santa Margarita
Aquifer,
Scott's Valley Fresno County

Aquifer

ARIZONA

Upper Santa Cruz &
Avra Basin Aquifer

Ercad Brock Basin of CampofCottonwoigrf,,;f
oad Froe asin of . -

the Eaj sﬂqui'fer MA ¢ Creek Aquifer

h Ocotillo-Coyote
jorcol Wells Aquifer

Bisbee-Naco
Aquiter

na BER 2o SSA I m= B SF AR SSA #
A& EPA: 3B, 2016004 A&

<12 3-54> 0|2 SSA X|H o

H 332TAA 2] =233 (Public Water System Supervision; PWSS) (11 5%t 2016)

o FaFFAAA(public water system)2 11d ol 60¥ o] 15714 o]/do] dA= o JAY H

[e]
T 2570l FEdTelA & FEsE AES 23

his

Al Ao} AME TR,

F5FA A (community water systems; CWS): A% U3 FlFoA & 333
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H| YA A ¥ F5FFAA (Non-Transient Non-Community Water System; NTNCWS): <3

Z 671 € o]

AlA =

i+
Mo
Ho
)
file)
o
oy

Ao &l

=2l sl

hvA

3l PWSS

9

=

Z ¥]F-53FA4A (Transient Non-Community Water System; TNCWS): 527} %+

l

) A

Q
=

o EPA°l ¢

ZZ2 AL )

sz flsf -3 PWSS

of 3

i

A7} SDWAS] 8 FA}

N

N
op

o|J
oy
N

o)
T

B

1 AlE

T
Y

o

|

A

Z]
S

5

3t 7

233 (Underground Injection Control; UIC)

io

4 & AHE DB /N 74

A B2 st 574
- FEFFFAL Y 24 5T

- FAR =8 Y e 74
- FEEFFAA BEAe L9t

—_—
o

el
ﬂmo

,_a

NF

k)
_50

)

ﬁo
ﬂ,ﬂ
—
N
oF
W

o

N

e (5%, 2016).
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<H 3-37> UIC ™ =24 2™ 8
FUH 53 BE8E HE 2
_ frafl #H71E AL, vlfrel A Ea A7, A e
Class 1 A AE G A B m ’
Ao A e AL, A HE AR
Class I A4, 7k #E F4Y A, 3, AfF AR
Class I | &3] 23E A2 Sahy, o, Tel, 3 59 A2
) o] 5=F9 HAHL Xdl4¢ A3EAHo 2 &
Cass IV | §o0 - by 1718 A gy | Y © TS YL A 43 3
=
28 n /\E_o_Q_:‘l:«}\]- 31.3L0 %C Z01"7_7(-]
Class V nea oo =9 =g W& o] &3t e _oo~/] T T H ]
o ¥ - HFUL g AEFY BH
CO9 A7) A& AT o2 COo F-/A, A
Class VI | CO,o) A @8Ha] A% % ol%A, BAA, UF FUAY 5 neiste B
i Bk
A5 1% 3H2016)

B X|=X{%Eli 3 (underground storage tank; UST) 22| =2 1= (5% 2016)

© RCRA®| Subtitle Io] &A% Z2IfioR st o WAk #dste] T3 4T=
skal gl
- UST= A5l 1A% A A o] 10%E st AGAIL|Y AL A4 wjas 2

- UST el 4ol AAH=

= = A%
shel @ UST AL A4 54 Sa128< Agshs UST Adelu 4 ge

N

g 1984 Aol w3 o] 2109k 2] UST7F 2A)8k% o 7]
of mZat= UST7} i gol whel H ol 561l UST7F U= Zlo = mtobsth

UST 49 A gg o falBde nasis AL 1) olsh 4 Zloz 490,

- 19800 FHAA Tl RE] UST A4 2= w50l d At ATghe] mhe) 3245 o]
Aol $EF shsAol A, RAP AAY RARS 57 B =P A4 odL {2

- USTe] 71 & A2 AR =0l Bz 250 79 ARt nj5loA &5

o

5. =
g 4 Stk

Cl
st AskrE L9AE f#olH, EPAC Hid FE ARE HA At 29 F8
dde Az BA UST, Btz WiygA 5o £o2 UST7F 718 W=7t =0 (EPA,
2002: 153k, 20169141 A1)

EPAS] 1988 UST 1< AlF2oz Hd 7 a7, A4 A 274, 4
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(Kl

203 s FRE FAE

- 71%d QFALE USTERE F27154S A8la, 427 v B4 HdEsi, =27
2 A3E BIsky] flef s ofoF .

- UST &frAbet &d4e 752 Husta 43d 9
FE AN &FAY 2920 AskE Fdstal BAdse A3 dEE HES AET A

Ag A= 3] S8 Ak

H 372 2 A|ARl(National Water Information System; NWIS) (Z-2H, 2016)

o NWISE USGSeIA AT AE, Adte, 228 5 2UHY Y08 ANBOE A

st Aol Eo] ST,

of

- A3k BlolEulo] 2 85T o] ge] Ashd A, AW F, B, WS, 2 A NS0

2 745 Ao

- AR, BAAE B deS ol Y BEE AT

A5 E AFsta, 867,230714 9 A B=A85% A3t

- BE AEE AdHsk] doll AF5AAHS AAH, o]E A3 AmE “approved” 2 FEA
), H4ZFE7] Mol “provisional” & TAE T}
-4, €, A FAAEE AFHO

o FAATE LUBACIEAA Ao R AEHM, 1311574 dARE AT, B=

of 484 ANEe FHASE F 409,47871<] AClE A5 E AlFgt

o T2 HAH A= EPANA =Y 3dF= STORET, USGS2] NWIS, USDA ARS?] STEWARDS
9] A5 E WQX(Water Quality eXchange)E AF-&3te] Water Quality Portal(WQP)oll A4 &
ot AlE-3ho
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(h =<

© =17

O

o =Y ZEe WAL 3356910km’ o] §x| HolE 349.223km’ , WFH Yol
7.798km* 2 FHAGNA TN, AMANAE 63 W vpatolt).

0% 5 AE YolAv, A2 A, FU T AY, B2 =

= 44 - P & 5o 2AH% Yok
- By 59 Yok 34 Wk el qlojA I HaFe] o} 9w, o@x % 28uA % gk

o IENA FAATE 50% o< AAstaL Jlow, A 30% AF B =2 XY 13%, =
o] &A1 2.4%°|t},

o 9T 20143 7= 80,219,695 Y AgolA AF7F 7P Be Yk, 1470 A}
% Z(Lander)s} 2712 #x]A ¢ %@,x}WEA](Hansestadt)i TAAE ot

- QT E 22291/km*E HlwA =t}

Q@ EYE A% 2 AF

o 1980\t %~], Bielefeld, Barsbiittel, Hamburg *| < wj@Xx|o] A2 H F8]o
o] AN EFdo] AEFZQl AR FA4EHIIL, AUWATE EGLAFTAE

19809 8] 55 2 35 7] AR,

X
£
v
>~
o
B

2, Prokop et al.(2000)0] ¢JstH, 2001 BA A ESFLERA = A0TNAE
Atk
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<E 338> SYo| YN Ywx| 49 57

= T
SXI5R 27| $04)
Ao of 3 WXE 7189 HA 90,517
AR 0F B WHB AYRA 112,368
AAHoR 0@ B WAY ol FHEA YAEA 202,885
AAHOZ 9@ B HE FA /1A 3,240
AAHOZ 9@ B AR FA /A 4 A= e

Z+&: Prokop et al., (2000)

0 2004 FA| =doll T5H EYAgAFEAE #HYE HI7IEAZFA 100,12971, #H 7]
H AR FARA] 259,883719.2.1 (Prokop et al., 2007), van Kierkerke et al., 2014)°l <]
sk, ECe EIONET(201D)el 314,24771 49 A 2R X7} 525 o] o}t

- 1991958 19959 713t Foll 8RR A RE ol LdwT FEA(WGT, West
Group Troupe) 33,7387] - ol that A 2AS AN oH, AU A Q3 BA=
10,80871, S0 ZA|7F B Q3% 2 FFA= AA 12%2] 4010712 et v Qo).

ok

- EC9] EIONETQ01Dl 555 #Al S 9H-A] 314,247 & FollA LFFA] 250857145 4
o

|
37t vh-g] H3lom, 14,2097 A LAFAE ol ot (van Kierkerke et al., 2014).
O:]

- 1980} FHERE AV|HE EYo] Fz]Q1  “Altlasten’ o EAl= #HI|EW
(Kreislaufwritschafts- und-Abfallgesetz)-& 3233t 7]E2] HOZ | 4s7] o EYL
S WAL LEFAE BEEtr] 97 MER WO Zavt AV|H, AVESFEAY
(BBodSchG, Bundes Bodenschutzgesetz) of 17 March 1998, BBodSchG-Bundes-
Bodenschutzgesetz vom 17. Marz 1998)-2 19981l u}&da}$ich.

- 284 B 2pH &) 2000-2006137F wid 1.3%3 F7tske] 200613 ol = 249my/<l o),
I fuATe B 2 B gl 10%8 425k ok

>
Lo
Lot

G| mE =Y FAFA Y, E3] Ruhr basin Rarebit 2] H 3} QI+ o] Fo] Ak
oA & AHET EY] AH o] =

o
1z
A
18

— 157 —



4 50 100 20 'km
i

B -2 [l e-a
B 2+ -5
4-B%

] (oot B O ' on __’_m’wi-
B o-isonicap [ 450 - 600 v | cap
B 150 - 300 o7/ cap [ = 500 e/ cap
| 200- 450 m?/ cap

Zdo] AH & (%) =99l 197 AHAAH (m)

A5 EEA(2010), EUROSTAT(2010), Prokop et al.,(201DellA A <1-§

<712l 3-55> 90| EQHAHE 3iE (20061 7|Z)

S o)A A2

& 9] w4 L AT} 2A e A

77} okUth (Froberg et al., 1994; Weingarten, 1997).

o

21 ol ol Eope] T4

=

lo
fu
u
B>
Hir

A g o] 1A27} =& Baden-Wirttemberge] 5= E4F2] 32 0]
& A9z 2t} (Gundra et al., 1995).

It 6093 B 2 =2 59 nFAAe] ARt e A& AA F71E 46,000k
o &3t} o] Lowry Soxony 2| =7]o) sjd3ic)

— 158 —



o EY AL AIATe QRIS RFE EJS K] AT AWAFo Aol
Protection Action Plan; Bundestags-Drucksache 11/1625)= 1987\dol =33}, o] % X <&
Aoz WHA7|3L ot (Federal Ministry for the Environment, Nature Protection and
Nuclear Safety. 2002. German Federal Government Soil Protection Report.

Bundestages-Drucksache 14/9566).

- 1985\ dAwpARo] FIJLESFH T 4 (Bundestags Drucksache, 10/2977)0] ®F3EE a1,
E A3s7] A FAAQ] Aot A SFo] s UPHJAL o] EUHE AR
o] ‘ERTAE’ (Bundestags-Drucksache, 11/1625) ‘& w}l& sttt

e

o ‘EFREAY’ 1985)) o3k, EFe Azt BAEY T o Bo| A%
3 egBAe o3k UAS AR A FEEA FUYYS ALt F3HQ
abel FRE P Qe HEA Bed AdAUoR AFhT glor, <E 3-39>2) 67)

Li &

1 | B¢ g 7150 & AdolME o] g2 & =% IHE EdAde 24

, | EUEL AAA Bl 5 e wASNE oW AL FYT BT OB 1A
golle g s AEsto E"“@g«l 7% RS uHg
AP ziE A & HEshr] fste] LGFA e} Hslide] fHEHE AHL S5,

) ZAL, 7hE ook s, QA HdFojof 3} A} Ml‘%‘ﬂ o] g A&

A 20206 7bA) IZbe] A} e A7 FA1 2 N2 20133 9] oF 73ha/L A 30ha/L = HHAE
o]o} &}

5 | Bore o) olusteiag ST AS. ol V1FHstd oY 4TS T YL

6 B GgFS F= 3 vigol o3 JA2 FaHook s, B frlEe 71 ¥R
2 zw e VAT glrke WHA B

o 5o EYRITAGAY vHe “EYY Jlee FASAL IHste HehE ol He 7
S T Aol WA” oln, AW EGR AN AW ESGRT U odXXH (BBodSchG
and BBodSchV)ell A= o] g A)|&stal Aot

- AYEFREYBEBdSHO S EFLAPA, EFLPYAE B Al 4 24,
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2 g3 B ohie ASeE RARIL FFAY] 9T EFe] FuiA

- AMESRTH YHEEoRAN ‘EYRF Bag 52 HE(Verordnung iber die

Eintragung des Bodenschutzlastvermerks)’ # ‘AW ESFR S 3 Altlasten *H = (BBodSchV,

NE

Bundes- Bodenschutz- und Altlastverordnyng)’ &S°| Ath
‘Altlasten” o]&t A EA| HEAN A ZHE 2
- AR e eHd FAFA R R AE Aotk
- B AHA 7lee BRIt ALTbeR FR AFE Alarshr] /3 B4
A o] EXo]§A Y-S B, ofA 3ol tie B 9 A&EIHE3 o]l &5
Bk A7 7 b4
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oFr & H(Federal Soil Protection Act, BBodSchG)-& EQQ HHlx] o dx SHA]o
Ab 2 g5 Bool gt AskeE BAE T eketr] 93 Bk xH A, 53 =
oA EXo]g W3IAIY| 7| EA o2 o]dst= Aot}

O]‘—L Nom, EYO 7e s Adste EF8 =4S Haslshe 7—]0]1:]-
- B HElA F)15g nEEkE A&k d FU 4FE A AF 2AS 249 A
ool Exo]&A &S HUFstH. oA E3tol tik B gl A &7Pedt o] 8-S e, $4A
Eool:_g] 7%1—7];(—10] 7 ]

%
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o
N
4
o
off
o,
N
@
o
Ac)
=
ofo
o
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s
iu)

o AVEYGRITHL AdA4d ¢ #HriEo #3 HKreislaufwritschafts und Abfallgesetz),
| 5 ¥ (Diingermittelgesetz), %) 9 Al22H(Bundes Immissionsschuzagesetz), 71|
H 9 ASsAA T O Bk HEC EGSEEA dFS YEHA &S o 3l
B A} Altlastenol] 2-8¥ o}

us

ot

- B0l golu AAH Bl tlal At AR SHWelA thEelzl o|F, kel Eak
w5l thEol 7T},
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o Z} AH(Environmental Ministries in the Federal States)= 2 @¥ HA 9o 55, E=23]
Al Hr 2 HEE St

- 5] AR A= NE SESA 2, FUIAI2H, 459 A 9 s Hohd
S x5t Altlastendl] Fo == EAIHS 1257 Yl A AA|2] HE HH oz S

1= SR, ARAe) A 5, 7 o
FAAAH 712 MBS FRH.

= A 20037 RUE Y Ho] ghom, 2004-2007 37 Bk 2}
& 113ha/YB0% FH, 20% % Z==Z)A
2030 d71A]  Eoke] &L 30ha/dE B

(Bundesnaturschutzgesetz-BNatSchG 2002).

o1 104ha/YE FAHAOH, ol F
& gow 442 odsn v

A& Ao AdAGUS A3k, 20209744 A
p

o] gk 7|

-
2 %2 5029 /%e 0ha/A7HA ABSHL A2e FA AL
S Qe ol
- Bl FAA L 4970 ARG, ABF, A, B TR £ - o3}
3 9t

Conservation Act)¥} AAIste] =22} AE

3 5% 3
£ 5 Al Egel AuA 3 AYstn ek

7 AFE oy A9os FYse Jov, 74 A ME AGANE hast o)y
st e,
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Hectare [ day
160

policy target
of 30 ha/day
until 2030

T T T T T T T T T T T T T T /_\
1992- 1998 2000 2002 2004 2006 2008 2020

1996

road infrastructure
m— four year average value

I recreational areas and cemtries

I housing, commercial and industrial areas
A& Bundesamt fiir Naturschutz (National Agency for Nature Protection, 2010); Prokop et al. (2011) A <¢1-&

<1d 3-56> =g9o| B 21X 0|8 Y XHE

£ A3kn olPsky] AT kel WS AT olPsku glck

o
B

- E9pe) Avlg

2002} F-=)2] o] gof g =vhe] QI “Strategy for Sustainable Development’ &
Zp2datar, 2002-2010 712F ol <F 3-40>°] ek} WS o) ko] 247 8-S 100ha/

=8 43stn Yok

do| A 30ha/YE THAEATE &
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<H 3-40> Qo] EQ Xjm| g2tX| %=Lt} == =4
Tz &
- 20049 =Y 9] 24715729 3)(German Council for Sustainable Development,
Ak = CSD)E 30ha/U= ZHaAZ & e ¥t i
vore - o] ¥iRloll= o8 &, o4k 1A, AlY =7 Fo] X3H AU olF 7P A
g T S A dHstE B e, B4 R s AWk A
- 2006 A+ = 732l REFINAResearch for the Reduction of Land Consumption
and for Sustainable Land Management)E =¥ A &7Fs70% =71 2HGerman
T National Strategy for Sustainable Development) 2.2 A] 3}
e - o] ZRIFL T2 ) BA} FFOE FEH, 1007 Z2AE (5097 <)
5 JY ZE2AE z3ho 2297 F= A
- 53] TA yR9 s Beld el Ao gl =S T U
-2007d A&7/ A3(CD)E FY o] A o] & AAS AEs A, AAS A
C‘)_]_-
A2 7t - 78 AR A AATITY oA FHAA BB I H=H
Nde 49 (Flache im Krels “, www.flaeche-im-kreis.de/english_version.phtml;
Prokop et al. 2011 A<l
) - 20093 E‘*HE% JQL %%‘«l E2] o] g4 o] AdstA| gom, FxXQ
e AAA -
Z=t}o] o3y ‘30ha/Y” & Ed3tr] Hal =9 ‘:/\loﬂf‘i EA] o] gl Jlgke]] thgk AFAI 2
T glo] Wast, 7] =AGIA 443 ol % £YE 7

L& Prokop et al (2011) A <l&

o APAF] Bty WA A rEo] 167] AXALFAAME EL o8 AHHS =
19

A
3 AT AL olAsy]) ARksiT

- 167 AR AT FollA nlel &l W] 2 1(Baden-Wirttemberg) 52} 2 AU (Saxony)F2] E
A o] g AL Wsle 7P BE3 HIlE Wrista ok

- niel E-8lw 2 71 (Baden-Warttemberg)F2] 6137t 137] X H-8 A ste] N2 2]
= gysta 71E9] nhE 29| fEste] Bkl AH S-S E o]+ MELAP(Modellprojekt
Eindammung des Landschaftsverbrauchs durch Aktivierung des innerortlichen Potenzials
(Reduction of Land Take by Activating Inner Urban Development Potentials) ZZ 4 EE
o] Y 3Tt
- MELAP Z2AE= x|Ho] E¢F o8& WA g U Y P& BFristH, Eat

H ol 2ol thafl de] &eal o] A=

Z
ko] A9 E Az BA 9 o] 8E Fo|EF /)3
‘ﬂ &

A
3
S
=,
=
o
>
O
-
o
fru
X
=
ol
o
El
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- ol 3 W B 2 ) A oT <) 2001-20084 717 Foll BF
el AL F19] o o) viokAonl, oI 9Tel B Aol W

12

hectare [ day

=
o o] B =] [ ] o

[y

k=]

)

=

o

w

=

k=l

w

- Stuttgart, Mslln, Rheinhessen-Nahe, Duisburg, Nordthiringen Fol| A& =3F5-2] o] &3]
(Circular Land Use Management, Flache im Kreis) g 3-& FFA|A2 B2]9] &3} A 7))
s Alghgith

gH-zjo] e’ & ‘3u-Ajo]&-HA dH| =
o g 7]Ed o] &stal = FAE HUF ol &5t A=
3yt A ZH IdiE F= Aot

o] A2 2004-2007d 71Xt Foll AHPA] AF P =AY ZEIOHO IR
Stuttgart, Molln, Rheinhessen-Nahe, Duisburg, Nordthiiringen =l A A|3JE| 0 0™, TA|
M AL L AHAGAES AT oA o] MTHJAH (Prokop et al., 201D.

o

A% BA ol & AA 9 B
O

B2 9] gL 7HEA

s

l

o HY ARE A dAY EGRIANS Tt A A4 AnAEY AR
¢ RS 5 Bx= st o, FA & (A} REE BASHH, EYY 7|5E A
det= e - HASE AHAHORE FXskal Uk (Federal Ministry for the

Environment, Nature Protection and Nuclear Safety, 2013).

- AN DYEFE B o5 AHD BEE ARH T WolA Lu o5 &
glom, B WO fEL FAW

- o] FAE XEI A AAE 24F BE AUTA P, DA wHF TFAZ,



o AA < YehelA et

s A= =4l
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file)
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o
ool

3} AAE Fi HY

2

@ A%+ aF 2 4

@ Azt A ol B 3 (BMUB, 2017)

beAl F o a%utol
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1,00071 2] =]

FEI(2015 12€ 7)) &

E=-ye]
< OO]:Z_—]I

1

HE 2420153 12¢€ 7153
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]
)
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2 EFHolA e A =42 W=
o] By}
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=
a

g

7les ol &
< A

[e)
R

P A=
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Ao i) TAQUT =
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sqH o 3
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=

X|: % W7} (0|%1(2016)
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o AW 2093 FAA A A Aol FE} AHom Zrhale] A

b Vb, AE5E ol wES) A 3
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o 20161 4€ol EC

;oT

Al A7 ol

=
LN

o 5559,
RE

ot

— 165 —



o 20164 79 FEE Fal, “FAUM” < AFstgon, o 5m olufel A
Az D = AAS B Aol A, 2o HAkH Aol A 4| wel
10m7A) Sig 4 QA S AZe Wkl WEFAT

= A5

5

%
ol

A

Ll
Ot

O IS FFY HlE AREOZ <l 123517 213 M2 HE NAA gk #A|FS
AZIZ, 2018d REZ X TA A A2 Heke] AZHS T@AIZE 2022WFE Ao A
P, 7|THI ] F FoE dF35td] oduit A2 B35 S HIE Joh

o Ztde ot TA9 vl B, Fetxy 2R S AFFoEo] MEZL ojfrE =9
Ha, 2016 649 Eebxgel g ZHEI =34 =4 213 2(nternational
Conference on Plastics in Freshwater Environments)ol A U8 H] &3 2271 220 2

AwE7tee] st ZA4) 14& Fola 374 AAE =93 v ok

W X5+ 0|8¢ £ = EX| (0|FE(2016)2 xH+1d)

o FHAFNA AT 15% AET} B B3 A4S A, 92 IUFELS AFEI} 4T
Z]

o B AR FAUe B Fo AYPFL D) AAW £A4Y TF, D F7H F24L 7]
5o WA, 3) By, 4) AeE FHoln,

443 Foha o}, AUATH FL A 59 FHHA £A49 750] A
SHo WRsHE Zolt

o Bol B /1B WEY AYLARB R WE 55 Bel BEE A, £F 9 38

A et ABEE e A £ RS A A, AT BFOE AW ALHA F

sEdel Yaol ARY & UES 3 A, FEG £F L 9 deprt 44 @ =

9P+ UEE Belsolok shn Aste A5 HR Aol FPo| o] FolW + YRS
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- olEd $AARETH oA UL S FRARTTY Y] A 2 ol el
2 AN ASEE 0GUORRE RIS A5 D AFE o3} A5} 2

CAFARETES AR AL 2 T TAA AF D ARAE AH WFDY
y

C S F 2 AL QT PAAT W FRA T} R o) AURET
o A dxp W A52Q FFA7E . FH

o 7|8 A3l #H F8 olfpel WE F FH L ofgel o
- 713 3}e} EFF (R sk)(Climate Change and Groundwater)
- A EB7H53 #5<4= #E](the management of non-renewable groundwater)
- A3t B39} 9JA(Groundwater Protection and Sanitation)

- =7} 2+ A& @ H(Transboundary Groundwater Cooperation)

- A3k YA 2 HHGroundwater Nexus)

W X5l 7|E.018.35

o Y AR A= ANET Alelo] & ARES] B E S siAsta A A B ARE
e 243y Y & LA+ (Water Footprint)o] gt A EE =L AT
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<E 341> SU0| Ko+ B FR YNEALT2IY HY

Top Topic =2 "-XAH oE Z2I3
i - AL A H(WHG) - AR TY XA
- A&}~ o] 8.2
|3t ©]-8-F3 -z Z=¥(Wassergesetz) - & @z}=(WaterFootprint)
- _ ] -f7lEH A
X2 Y2 @ - 58T E )RR N
/JO}TA A A #H IJ'E;] 2 ] 1j(\)(/FD) - Wk #ho] 9 2 (Trendumkehr)
-5, 4 B - R ARAS AR Groundwa | o) 5 5 o) 9121 (QuatitativesGl
-RATY AR ter Directive) o

- Y AYE7) R H(WFD) :
- 9 A gA) 8= %) A (Groundwa

ter Directive) - 7‘% B2 B o)
7< _"‘ °©

T2 B 5 A &(Good Status)
S84 BETY(Drinking
Water Protected Area)

o -
- AT)E A

e
E7]

Jo X
re <

e off

2}
&

e ol

21 % (WFD)

8 A A 82 (Groundwa
ter Directive)

- A4k 2] " (Nitrates Directive)
- =1 #H <A 2] 21 % (Urban
Wastewater Treatment

A5 glol el 2.l
s4o) tis) WE
PECEAE ERNE A £

-HR 3 = wdE AR

1
N
o
to
ultd
a)
ich

1

Directive) Al
- 5 HATE | B2 F
5 3 *501 & 71 ZHCommon _#BEXNAH 9 ues 27}
~ s ol=3H A [FIS)
o Si=d AHAGDE) Implementation Strategy) - GENESIS (Groundwater and

bl .
E] - Y AgA <A 2 (Groundwa | Dependent Ecosystems)

ter Detective)

- A A2 H(WHG)

- 7o A
AsAmg draA @ oo wETIEAHWED -3k EY
y e T - 24321 x A (Floods Directive) ﬂ; e, 7
o - . — 170 O 0o
TR S ARG and | on agwmot
Habitat Directive)

- A A ol A 2} (Renewable
Energy Act)

- Anbsg4k¥ (Federal Mining Act) | - A1 94 = 21(Geotherm 1)

- A A #EPH(WHG) - ol A 3} 7] | (Energy Package)

- A A A 2 3 (Erneuerbare
Energie Waermegesetz)

- A9 A -

A= 0] 21-82016)

& I=

© =17

o Mgt &l Atolel fAstH, HElE A=} ofdAWE Ao FEel A2 2 &
ofdAE=R o]FX HAuetolH, ZEE HEolE HIE A3 ofdAWE Ao 16 AHA
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+ ofdd= Bl I FHfoll ExEo = B AN SEZUBLIP sfel¥e 233

o

ol
rir
4o

- T2 WA 244880km2o.2 HE|E Ao FF AAUE JFWHE= HHS A HAe
°F 56.7%<%1 130,410k, =IFEWNE= HH DAHE 78,78%m, A1F LAH A
20,758k, H-old M E+= 14,160kiio] T}

N
rlr Lo

o,

o QFE ¢F 659 HEIE 2016 7]¥)olH, AFHEEE 255.6%1/km* 2 FHIANAE & =
k=

- G WA 50% o)’ AAStAL J=H= AT 80%7F AT

o EFL vd AUE S8l FaF ANsE AT B4 ANCE VFET, BE EY
2 203097k ALrbsdtA Belstn EFA A5E AFHOR PASE A AR

o o mesla itk (DEFRA, 2009).

- o] HHdls EFeTFY B e T3

Q@ EYE 3% &£ AF

EY
Ao g2 AstEo] gom, d—?ioﬂli = Al 7FA] a1 o3 EFdoe] A&H o= 9
g Aoz oA} (Jones, 2008).

AR, B 2] Aot

md 220 =0 &7 9eftt FEe EFA oz RASH(EA, 2004), ol= QU7 7
A EAL g 53009 d=ol o] 2thal Hfskth (DEFRA, 2009).



L AR ol A4 gt U e E(EA, 2007)01R, e} ule] % EoAe &

Boke] O & AgEe] 9| RaE s wsts EAloM, 2 vl 4T 2
o) BRYATE LAY BEFEFE T/MA F59 99Es} wolAT
HAZ o A Ekate£(156m%/ee] 7F we Zrloln, 1990-2000 713F & <

CE
7 Z71 o] 83 RA o] W WAL I3l olslolt), o] HH} HeleH=o| o]

G2 Y=ol Wid BEske AT2ds 7h2=o] 50l sigs)
3 el dEle] MEEN, B

o
ba glek.

ol

o 1o

ol

AA

o] AbE) A EA7} @rAlElg T (DEFRA, 2009).

- A Y= ARA FAF o E o dH FAof gk AmTt glo] o] i FA =
o -1}, 1990t AR AL ofskd oF 100,0007H 4 ©]7(200,000ha)e] 72 2 <
F27F o, o]F 10% ©]3 Al 2= e A= 54 Fth (DEFRAEA, 2002;
Prokpop et al., 2002).

- 2010 ©]% zAl¥ EEA/EIO-NETOI ¢]slH(van Liedekerke et al, 2014; EC/JRC European
Soil Data Centre. 2011-2012), @=2] HAH 2 @H A= 298,2967) 401 (o]= A7+ 13173
3 4.787) &0l slBstH) o]z oA 2,46071 A7 B = A (EIONET, 201D).

o FY=olA B Agacledl o3k AR e FEEE AL A= *e

=
U R AAA 4o B lee ek Atk
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- uld Eopde) Aol mE FTo AAH Wt Ha 29 6M FLsolA 3¢ 1859
eEo) o2r} (G 3-42 ),
o Bl gl v of 12 ThgEo] o2t Egke el ol AAH wsjul g
A et

3] of

rlo
b

<HE 3-42> EYHO| X3l0| Ute} UMl UKQ ZHE 2u”

o =
=11 AZE H|E(EM)
Fol g Epa? 15
A% o3 Eoetaea? 82
BTz A2 A T4 28~128
R RS LS 56~60
4 A 206~315

F D o] HlgolE Md o 1% Jeto] o2t EFe Ao o3t AAH AsuEe EaEo] A de

T 2) BEYFAL A, k] HAE A v, AEISFHS EL3IHEA, 2007; Evans R, 1996; British Waterways,
= 3) Egelaaade g, vk, A, RUEE 8§ EHEA, 2007)

= 4 ZTen)ge A J8) ESHEA, 2007)

Z 5 A4 BAHE 7] E3HReeves)

Z+5: DEFRA (2009)

- 18417156 A2 4] 3t
do] g w3t or, o]Z Qs 1960 dt) o] Lower Swansea valley A}z, Shipham
A 5 EGLdol w3 o A E ZA17F 2 A

QAsh HEAA, A4, HAAZ, FEE A 5 FH4T

- Environment Act 1990(Z-73 ¥ 1990)2] <1l ol 1990 o]
o Wy

T
o2
fuld
£
i
)
do
e,
N
o
2
4

HU
i
o
to
nf
1
X
a2
o
ftlo
]
o

j:17~f>2}(Statut01ry Nuisance Provisions)& =7

21 AFsgon, edRA e AR A=Y,

- 172 -



<E 3-43> Y2Oo| AMYH QEx| M

ENE HE (ha) EX|0|8-HEHK 21K HOHT =A
40,495 ALEQ S B4 England/Wales 1989 DoE
A8 20,5 ha o]3se]
749 3,900 QA o BA= Wales 1988 Welsh Office
A 2
Scottish
2551 8.297 AFgobahs 2y Scotland 1992 cottis
Office
Fri f
68 Gasworks London 1991 riends o
the Earth

A5 Bardos et al. (1994) 4 2LEFA

<E 3-44> PIO| AN QYLK He

x| 27| 58
20,000 - 25,000 WA E H 7| EEA
3,000 - 5,000 b Eavy I P R = L PAS S
) AgRA
) 4 ol g ¥4

Z+&: Ulrici (1995) 748 LAFA

o EsAAAd FAdH" ALAHFR9 i—‘i%‘ 9l DEFRA(Department of Food,
Environment and Regional Affair)= 1995 © H(Environment Act 1990), 0l EYR &
o] B3 M= FE(Part IA)S 233 "874% 1995 (Environment Act of 1995), 5 w}#
Fa 17t o3 HAZ EF A e AAS AFHeA FEskth

oﬁ

ol

- 373 1995 Part IACIE W ol 22, gao] F24F, el 94, Begole] Hol, 747
we] o %, B XA 24 B Fot viAUZ, EFLGAG] HY S thsf 713

- 2R 1995 Part IAE o|dslr] ¢l EYFLAXHe A 2 Asbd A}, 23
Circular2/2000 (Statutory Guidance)o] =HE o] o, Er e % A 4
= W ol AAEHAT

- 37W1995Part A= 2709 9395 = (DETR Circular2/2000Annex59  7]1A)), Pollution
Prevention & Control Regulations2000 (SI2000/1973), Contaminated Land (England)
(Amendment) Regulations2001 (SI 20001/663)¢} SAA|8te] o] 8 &t= A o]t}

- 173 —



o Eofe] Ao A o]§ Fxol MY JENE fAsNok s colg=H R U
(Suitable-for-Use Principle)’ ol o] A3l HA-& g3lal o]dyslar U}
- Bgargae) YAREE WA B vl o] §5u e Bl o] g8 xd AR E

&l 7se IHEA 7= Aotk

o

- AAZEE DAY A FAAFOL D e EFeA oY, i) olge] AN B
A&7bs BA 2 A, i) LA ] 3 Al A vlehe] EA| o] § Bl Hgshz

[e= =]
o
= 2¢o) 4 44T F UES CAEFS HHFHE Aoltk

o Z7H1995 Part Aol 3741990 Part I, HAZIEHEH, 2, FALH1991(Water
Resources Act 1991), =A|AIEH1990(Town and County Planning Act of 1990) 5 EY<2
A AHEH S0 AEEA dEHol Utk

- BEUS EYOPOR el AJPL 2FT Yt PAY WS DL AP, AAAE
=

SshAAA ofel 7HA WA WS ATHo & 2

o HZole EY Arled = =olal HIRS AHRE EolH, WHA Y 24 A28
gto] 2t FEHZ =S4T e gt B FXHa o
- 53] EUs}t EC TollM = H7 = Azt tirled =4 A Z3< T3 B 2944

o =¥g& 7l&ela Utk

W 53Xol Yo W HH

ol FALE(ER, YH, FAY #HA SHHY FHE 93] CAP ==& 15(Common
Agricultural Policy Cross Compliance®] 7§, 27 %] & (Environmental Stewardship), &=
975 dolY M E] B(England Catchment Sensitive Farming Delivery Initiative), A&
‘Code of Good Agricultural Practice’ vldl & %3] Bk & As A& F3
3Fal 1tk (DEFRA, 2009).

Mo

- Cross compliance= E%Fe] A& ®&3sly #e)str] 93k Common Agricultural Policy(CAP)
Al 8 A g2, wHEoA EYY HIHE 876 &
Astr] 91g -3 oS a7eta Yok
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- Environmental Stewardship2 27 %3} F& Fdste FFAA 75 AEST
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- 5 A A2 ‘Code of Good Agricultural Practice’ ¢ B& & Ao AES APl

9 "3 Ay A2 s d¥(agricultural best practice)g A3t AHES A F-3oh
o 2007dREE= wid 59gt e EE FASY EYH & Y AFE FI5, olE F
3 EFe 75 &4 tid ojset EAMES Ay % s HEs AlFgih

- Bope A Astel BAR 129 A% YRE JYsA FHte] B F718UE BA
st mopel Ag AASE W U@ WS FHE Sk

o Y ARE Ede] BAE RIFY] U 2 AL FUSIIL FES AL g
(&, 2012).
- B A FH} EYTAE RAST Ede] Bavt thrlo] WEPOEA A8l 1]
3}

A vl g ik ole) - 1§ B3} 3} o BANE 5
o A%HL AF D AW Fol olo] HFwc.
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o] Eopol Qi BE wavh o] Fol W 367¢) B CO27F AAHM, o)
RE AT} rhe] A 570 sk ). ol @ Bkl

SANES WA= Ao I AFA 7P & A= Atk (HM Government,

2009)
o FI BEY T gaE o|BA Y| Ekpeat soiloll AgE o] glom, ojgAHo| dAE
Hoshal f7ieart ol S wA5h] S AR-of A o] Ad=Aun

- olgkS R E37] ¢33 HEVA Z2A E(Partnership Project on Peat)7} 20081 €] A] 3

filo

- DEFRAS} &4 A 2259 PFA2de st 13 i3 vhd ATt

Rl

205}

o W= 7] %ol Mo the olshh Bastel, olo] gty AT A}
o8 Fere] mi e 3 Folth
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- AL 71FHETE Bkl A= Ae=dset]] WstE A5E 5 e B eSS
A&z o2 A Ysh= Zlolrt (DEFRA, 2009).

B Z4xE1 2 39| A4 /HERRE EY B

o G EAAG N BN A 2R Fal KA AP AET £A 33
o

P AAL FBSD Yor, olF Fal BAAGY FE| A 2APOEA E
Fe nAsIA S

- o AL Ao TRt AAA AR FHS o o] Fold 5 UeS A Qo
2010958 FY3 o] I F # A= AN $Ystel olYstn Uk

5 2l

Al o] FARA A Fs Al EY] FR3 /‘gEH?H 7158 AlgkA| A @)

- EAE S8R e IUHME(Green Bel) A& Fall, 2419 A4S 2l BA] /I2A
Ho] AHE Yo} BEYY JeS BEstaa st

FEHE AHeA THAHBE= 12% 23, o] AL A9 2= Z(Planning Policy

Guidance No 2, adopted in 1995 and amended in 200Dl &l E%Fe] 7|50] RE=ar

o AAFAAHANA BT 5 Ae EFLEH 2Ea3 B v s BASH7] fsi DEFRA
+ Department of Business, Innovation and Skills(BIS)2} Waste and Resources Action
Plan(WRAP)3} g&sle] HAddF A2l B A&S £33+  “Construction Code of
Practice for the Sustainable Use of Soils on Construction Sites(2009)° & wl& 33 oH,
1 E(Codes)o] olFS AAstaL Jvk (DEFRA, 2009).

o A= A9 e AT

o

o BetgBEel Aolg

- Y= ¥ =+= PPS3(Planning Policy Statement 3)& 53l Be}+H =& A5 /Ndsta fE2&

J5jo] SARTE oA T,

N
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W oi7ol BLEY, ¥

o DEFRAL: #H 2ol thfstn FHAT A7F AUsx ek

- Eobo] mUE YL Eope]

o HH AYE o] Fof 1
ZARSE Wt ik,

Walsh GelE S, PR HAL Wrkshy BLH A
7§ Fom 19789 ol F Eee] Txusel Ao Was

st gt
o mere] Wg mshw weshy] 915 DEFRAL WLRAIE Zetela, Bokel A
% AUsn Frhste glelnt

- AMol3h & wUEH = DEFRAY “Soil Advisory Forum’ ¢ =¥ AlS i)

wore] Ae)At METIFA S BAGE WS 2England) e O &1 Yo,
G2 fAF AP 71 K e PARele] Y tio] 4 £3e sy
21,

(

- fEALel A Ekuael e AW A, AYolYrere] N3t HUEHE Sk,

4 I/ ESRZA A A= 2006 9€o] i#ItE EUS  ‘Thematic
Strategy for Soil Protection’ ol ®Fg = At}

® Ass BY 2 A

o FToAMe At B AsFE X BE & #YS JUsste] Agsta o

o F=e 20004t 2R AzE J)FAsel BEF APSo] F= wE s, 20124 10
Qo 5AE59} A5E TFeE ol TAHWA, YA A48 E e
AbE, Ev)2H, A2 2 A% gl e SEr) FEegon,
olsh BAR Aty AR

o
e
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o =& EU IU=EF n7HAE Aty w3 - 72 ¥t FHH0E AL o
H, 53 Ass 24 2d F ZAE TESY AsS A
(Groundwater Flooding) 7I'de =3 Asl+E4E 23 E

Aol dF ol sl oFaL Aok
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- A3k A 9 A FHeF A9V 2H
- A&tg Aol 9%k A5k E~(Groundwater Flooding)
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- Clearwater Flooding: unconfined permeable bedrock ¥+= permeable bedrock Zg%-of &
A A2 5 B4 B 120 Qi AdelA A, o}F B AaE o] Yo
Uil A 713ke] A & AprHo] H] oo g2 At AxA A vk 3ol

A FEH FAsY, giRE X5t HEZ o] & chalk/fractured limestone o %ol A

- Superficial deposits flooding (Alluvial flooding): sFd3 A3 A A impermeable
bedrock #loll A& - AHd & T4 HA=0] A= river valleyoll A B = =H), s

A7b e W AT B EEAHAEY AskEAS B stel WA
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(b) Permeable superficial deposits flooding (Alluvial flooding)
b= BGS(2016: 2711, 20160141 A <1-8)

<12 3-58> ¥2O| X|s}4==2~(Groundwater Flooding)e| £28 9 7jEE

MIH ZxE x]w x]svzzﬁ(zom 1) ermE Ao A5t T4 ALE(2007.1)
A8 7)5FH(2016)

<12l 3-59> PZO| X|SlE=Z4=(Groundwater Flooding) Atz

W 7151t X5t (A13(2016) XHT8)
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o] FAo ZALHFL 1766\ o]F HAPoH, X+ E uf$ Lo} o] & QIF FH FF

HJ= o] A9 Teddington 29| 5 FTHolgts 53 43S
- 2047] Fukoll SWA FEY)9) AL AL RS Bt BYSAZ S, 1983-1992
1995-1997 713+ Fke oAl o 1009 F<k3} wlawste] 714 e Ash49]E R
- vobd Asteel AAE sel nE FREch

IS I DES

AN

o] 750 2004-20060 713t Hek A7IRke] FhEo] WA

W o|HX| ZofofAe] X|5t+ EE (AH(2016) XHTS)

o WHY A w ohe} Ay A

m[o

4 28T YA &8 Al=de] &8o] SrEa 3
o, FUAe BAF AP e FF Tl Uit HETV} o] RoiA L 9lon, o]}

rl

T 74 8 25 dFol AF A A= FF TE F8 o= UF

W X5t 89| X|5dat MEjA R (H+H(2016) M)

o AL BASY] A% BFP 2NE HEPIE BTHL T £8 Fhe G B

- 7HE & LMl B AMETOl 2 F /PAF Aol F7FsHEA A 30 & 53t 70%
7
- 7= 20210 2001 ol] WlBke] 11% S7HE 22 dds = Ak & Fa= S7F

st glow FF A48 Agoltk

- =] FEZR FAVE FSHe @ 1D o) o] AHoA e At R o Fo)

- A At Al BAZE YOt 14098 ol F BHBE F7HE AF WY
(ex]

S7t2 AsAl, B2, A&, Al2A, H7 7, ds 9

o
T
5 Aol ARstuA 0@ @ 52 BAE Ase] A4 ol tE ol4E T

=
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Q Azt 1A A

B EAMHOIZEX| A (Nitrate Sensitive Area; NSA) MM 2 £ HAMH 22| (0|£=Xl, 2015)

o Y& ECe Nitrate Directive 2] A+ 2 okz] HINVZs)7F A= 7] HAEE, FA 9
LA WA E Hs] AFHIY RIS FHA ol

o NSA He== 99 nitrates =7F 50 mg/lE @AY @S AP Ae AFs dde=

A3t 3ol HF 327 Aoz solo) 1998\ o] 3 RE= A Y9S AEA A4
SHA] g3kt
- 7 o]lFE o]E AYEo] =5 1996 EC Nitrate Directiveol] 2]3l AA = NVZo| £3)7]
o] F-o]th

o NSA°| tj&e 7] &A & (Basic Scheme)® EXA & (Premium Scheme)®] 2@A= ++&: 7]
EAYL 7EY THEEY & QoA HAE &5 Eole Zolw, SEAgLE B
87140 WMIE Q73 o2 FUEH 5 TRE AYE st WAoE g F o] Al
syt

_—

- Basic Scheme
- 7] 771 BRE AAA HA FF olstmr AXSEE stal AxAT] AT
T7F By 7hede BEAVE UdAIZE BA (EF Aer @55 ohal, A A
o A7 A PR FA Molles BEAE 2AGHE BE
- hedgerow(=Ete]; 18 3-14)¢F £ A
- EAL AA T 22 AWSAtel tist =g FAAQ] AY
- Premium Scheme: EX8A g o= 4709 FHCE A&
- Zd# A (arable land)E 24|, FAHI(JEIL), H5Z2AZ v
- BAAE AMIEHA e AR B,
- BAAAE AGFAH G} 2AR2AZ v
- BAAE A9 02 v

0 NSAZ HAF dHX

AN

A2 A Z ol FRLATE A o] AUk

- EC Nitrate Directivedll 2]&] A2 == NVZol| A2 tf 3 Ald3l= Z ol tfs}o]= NSAT] =]
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(0]

‘3GA T ;1337}}1]1% E AFAT oz, 2012).

_L4

- 39 Po A= B9 E 9 HH 7HRFRA: Regional Flood Risk Appraisal)Z, E=A X} of 4
% 1% 3 7HSFRA: Strategic Flood Risk Assessment), 7] o A= 342913
-specific Flood Risk Assessment)& 2}2} A A|SFA T

- Z79(Flood Zone) T B3 MEALY F A9 2] =214 A o] (Sequential Test) &
ANt EFH Tt wet EeTYo] FREW TS, T A= we Y A4

=9, d&H= &5 - A4, 7 24 55 Fsinh

- Y=ol vl AAE Sl E S AeE, 5k 8l sleE Al S AR T2
o] FHoU HIdE 7|1E FE2E ol A o] Yoyt A, EX oL, AEFE, tFA|
A T B THAA e 4 3 9 FoIth

d=ro] Al¥A A A (Planning Policy Statement) 250 wiz} &49d #Age] 713 M3}

aaly) el A91Ee 4 2AAT

20081 AW EA(London Planel A A& FA@we] 382 vhadstn, A §
FARHIE ANt} Lol AT YA LGB} AP YAE A8 L B

A &tE 45 ol e T4 FE AHAo Fostu g=d], the Flood & Water
Management ActollA] A&} &l gk AMgS XEsta o, YW U=
A Aol Hgo] HH, F AFe &5 A Aol TAs At HE] A Helod g
A skl Stk
- Aot S5l tigk S s 2o
1) &<E(floodplain) W 7H&-A] gk
- 2) AR At T AR

- 3) A F(pumping) e
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- 4) AE AT O A AEAFT HE WA
. 5) A5 22 Ao] (barrier to flow) : &7} Q&R o] Folm Ao st otgaf °
Hl& B]-g 2y

- 6) & (flood waten)E W& AZE Weoll A=g THAA ol A7 ek

o

A

|3k ol ek mechanism 119, Aot F2] Z2Y 8l A=, A|et &

ks
ot
N

HAE T A4S
. British Geological Survey Centre for Ecology and Hydrologyoll A& A3} 34 A&
2000t %%k Brighton A% @ Somme valley(ZZ 2~ A Z4= vjaf 7} Ay stA A A2}
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W ook el (FA'E016)2 1)

o g9 sf¢k A A E(Shoreline Management Plan, SMP)& A A ¢1¢te] &gz 34&
[e=]

2 @9lolA Brletn A, DA, 5 AAA oA BAY F AE AP Bele)

93k v WAAZ T (e, 2012).
- UKCCP®] #oFd A5

B 2 U CES 9 AP Bl S 44 o TASY
AoR AN PR GAT A BAAL APl et 5

- 200640 FYE A AFAAE 1A} HAFA F5ol AGAo] FE JFE =

@A B717H50-100)] AAY WeE wel@ AY S FYES 39

B I=9| Xotatd 2 HN=-XH-Z203 (A1EHE016)S HM7d)

o
+
B
(o
E

Bl tiE J1EMA HA0RA T durAel S Hha k.
A L SeAE B o UF st A 7

9 A Ade A 8 A6 e S
o G L % S thstel 4

e
off of
n:i i o

(ifle
>

o T4 2 & g H(Flood and Water Management Act, 2010): &5, 9%, 9% &g %
of tisl] AHelst ok
- 3t e xgsk u of tiste] z+ X9 #e A 4 T
- A lood and Coastal Committee®] T4 2 &9 #4

o LOCAR: 95 AAY £5 a7t s 2 ol%2 thFsw e, A<y & w8
A% AAH ATE SRS Ze Ao,

- DEFRA(Dep. for Environment Food and Rural Affairs) % NERC(Natural Environment
Research Counci) A58 &8st AFE 3 Folth
- of 759 9] #stA) Fostal o, vEd oA ol TR = & &8 2 AE ol
tiate] Agskal Aot
A AL A A" 9 o

A Bl om e T AAW FHe] deol 2ad Aok HaAde AT
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o FCERM(Flood and Coastal Erosion Risk Management)®] <<: af¢F @ 340 dhiapg-S
olafatal Wrlete AL BARog ma o] Ao, A

42 2 5 BY AN BB ARHOE 5 o MEES BSE e Brow
st

o GARDIT Z1%¢| &%: GARDITE @@e] A5t 420l tgatr] 9% AT 152 &%
st ik,

|

- 19AIZI7HA ' A sk 7F 90 m7AA] AFsksksl o, 204171 A skt T,

- 1960l HW  FHEFTE olFojHou  o]F  Hgko]  ZHASHHAL 19894
CIRIA(Construction Industry Research and Information Association)e] X .a1o] 2]s}H, Z1
|z ZA7F BASHA HAL At Aol FAVE oH & AE ol 2A H3U=
I218}ske Q1A s

N

- WA AH, SR AR, BPA, FAAL 5

Al Hlon, ol AstEy Faks AT YA @Al%}ﬁiﬂr.

<E 345> YR Xo4 BY WS A Z2IHY

— =

Top Topic Fa HXH 2 2
- A5k 4 BUEHY 9 AFE
o - A&}~ (Groundwater 13k TZ:]‘ HES 153
- A5k o] 8T F lations 2009) HESYZ g4
regulations CEU 5% 9@ A 2 54 A3
—Xl‘éP—’F 4 #E -4 9 2 #AgHEFlood and | - EF 98 #E P AA
-7, 74 A Water Management Act, 2010) | - A3l 42 B3 E 3 HE T
-HETY 44 -Z4E o WA 7A A3
SR SAR TS 29 | L -Ase FA ZUEHS 9 AFF
- N - A W (2014) N
- Ak - 7 A4 YES A
|

- GARDIT(th <=5 770 31 =4
-Asks A 5l e - FCERM(Flood and Coastal Erosion
Risk Management)

A5 2 71(2016)
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(mh vEdd=
© =73

o VT =(FDe] WAL 37,330km2E FHEEO] oF 37% HEoly FES TjREo] Eyt
o]7} ¢l Ho R B AA 7} ZEQ 53%F A d)

o AFE 20159 AA) 16,854 H o8 AFLEE 4020/km’RE EU =713 71 o9, 12
7he) A=A provinceZ T4 © ok

o 2Eo| 25%7} SRR e Ao H),

Q@ EYE 3% £ A9

o BER T tgk AHe AL 1970t FHF vydT@= dH LekkerkerkAl AlE&FE) 7]
=

2
wreol AT PAATL AL

- Yasts A Fo) 94|38} LekkerkertA] ol 1970\t 7Ndzl=0] 2687 F8<S Ad3l= HA
of Bx|o] Eoke o] &2l Slt} (Kingsburry and Bingham, 1992).
it gtom Ast4Fo] £ ASFHA AHFA A9 Im AE9 37
= doz AMHEd s HAUHJEER, HAEFS~8E4, X
HE 3 5 FAEH] X5 ol Fo HeHon, 5534 f7se=4d 5
o] AxF, EY A Y AstidlA zAE I, 3}E=Zo] LDPE(Low density
TFHo g Fitro] glgo] HHHIA.
o] X19¢] thr]ollAl toluene, xylene o] 1000ppm F&=O 2 ZAFE ).
A& AASE B APFTh

- 1980 B ARE RE AFASE O T g
HoEd, o] Aoje] B9 ulge

=
E oy

L

- A 153,000MT(168,654 ton)e] L& E Qo] A7
1954w Ari(ek 65 US $)7} 4 2=,

I
LHFA ] F o]F o] (YL AF AHFoz Aol &HIAUT

=

{
D
AC)

o 1983 U= FHAEFEA Fd, A9AE 2 AR (VROM, Ministrie
Volkshiusvesting Ruimtelijke Ordening en Mileiubeheer: Ministry of Housing, Spatial
Planning and Environment)’ & 2@x4e] Ho| o3l ‘Leidraad Bodembescherming
(Soil Cleanup Guidance Note, SCGN, E4EUA%)’ & vld (The Netherlands Ministry
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T

of Housing, Physical Planning, and Environment, 1983)3}1 A|%}4 = o]
2174 o7 A3 T (Page, 1997).

il
)
ol
ok
=
of

- o] AL EYLAAY-S 3hAI2l i) harmful contamination, i) urgent contamination, iii)
post-cleanup multifunctionality © 2 &3} o] 3¢ Durch Listl A, B, C 7]1&& nld
ot
- Alevel : oEH3F BV HaskA g2 FagE
- Blevel : o] A HelA F7FAQ1 2 AH 77}

- Clevel : Z9o] a7HAY EAE | & = jle 5

- o] Al AAIE A, B, C A= ESH Astdl wet =24 A -&H.

o] A A= FTFS(metals), F7]EZ(inorganic constitutents), W&+ 2 (aromatic
compounds), tFalg]g4ksteAE(polycyclic  hydrocarbons), % 3b4=4+3}E(chlorinated
hydrocarbons, =A% 2F& & (toxic pesticide products) 5 LEEZHL 33l ot

- & Dutch listel] A|A1E QA=H9] FF2 AR & 7|E2E A, B, C T4 EAAE
of ME LPA e FA Fold AHHe} ez AAFH AMESIES FHo| Uth
- Avalue : YEHE EJoA o] AAnAdss £ AAdH o2 AR e 549

A % ¥ %(detection level). A|gtr2] ¢ UE @ =9} EColA] AAJH vpd E24] A
strE H3oslr] 93 Ld=E Y 71%01] Elkacia=g
- B value : A8}t C 29| 3 X2 & 4 Jth

- Cvalue : 2d=4d9 543 A& AR 2d=d

o
off
b
fru
N
o
o
)
ko
e
to
uls
it

- Ugshe F 7= ZA Dutch liste] A, B, C 7]&0] EA ARG W& LAAHY FA| o
A AR} |2 AAH A AHESHES Hof gl e AR ]I, o] FAE
Aol HrF 7o 2 AMgstal, e dd FA Y A3pr|Eom ARREA &ttt
- ARE L9AY92 A level olstz A3Ee Al9A FUTH (van Arheim, 1994).

A2 Dutch liste] A, B, C 7|& 2= AZF2 Wb, EX]o]& 5 Fejxdd &
e BE= AGAR] Aol 71dskar At

EgRAe QAs Qe A 9 AR (VROM' 7} 19904 ol8lo] A%
g cElnaAel ojsim EgEel s thg 1100007149 $A7F M ow 2o
AL, VROMo|A FA3te AlEes L9FA = 2002 A 200,00071 4~ o] o]t}

- Soczo = (1992)37} Business Round Table(1993)0l 4] +=2]= ol ¢J3}dA, vided oA oA
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- AR, BL AR, Be A9, =L AEg o|E8E Al Ed Ty

H&= 2@ FA= 200,000-600,00070 4 AL A= FAskA Ut

Egns Ao B4 27X o]t

(Multifunctionality)®] 2. 29<& 2% 2 31 ¢t} 7| EF oz YEA ]
HH,

=
28 AT Atk B BE 752 HAstelok 5

- EQAste AEd Al ok ‘AP FAA SR eF (BSB, Bodemsanering van in
gebruik zijnde bedrijfsterreinen)’ , ‘FHAAS}E AT HAFAAY ATHFHeF
(SUBAT, Stichting Uitfoering Bofemsanering Amovering Tankstations)’ 5°] 1t}

- A FEA A 5HE oF (BSB)2 A H-<F AFFAIZF 1991 A A3 feFo = /\P‘ﬁﬁ]ﬂ OE9 2

A FAE FF 25l Ao s Hstal, AR o] 717J l%«l A8
of APskA] 712 7 Aolth. o feoke] thdell= FAxAS Bt o % A
S50 EgHojok & 120,0007§2=9] AFAH-A 7} EZHAT. o] Fofoll AretA] obe A=
AR Bus, EA FA2AE AAD OFE FEsA dnh 123 EGeEA
goll g F=AS A FHAUh

FHaAsE AT AFAA] AEAHF SUBADS AfdAe] Ada ooz, of
Fore] 78 H32 34171 d FRal BArES 245 AY. 598 F7 7H
of Z3tE vl oA AEHE JIFdA FGskA Hed, 1 uge 19959 7E &7

Hdatse] EYRIANS FPdte= Fo 1H8AE ARE 8 (Precaution)-ol
(Prevention)-E-¥ (Restoration)-E & oty EFede] AA L o 93 oz =
D eEEdY &9 AE #3% 29d B Jf%‘(Source Orientated Policy), ii)
ALARA(As Low as Reasonably Achievable) €2, iii) Bl ik AA oF 55 &
&35t Ao

=3
EdRT #AEE FoHLE 1994d niE®E EokH 31994 Amended Soil Protection
AchHo 2 EFo iAol ALAWA] W g5 WAt E e tigh AY &S If

EorsHe 1986de] AAHE EUdRTIHA 2R EAsH(nterim Wet

Bodensanering: Soil Clean-up Interim Act)’ & 453t /WA E oo}
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- AAA EokAsHe 1970d ) A3 Lekkerkerk AFA-S A7 = 1981 57 A A
= 2]

o] 3l "mdA o] W(emergency law)' S {EISE AR o] o)== AlSHA LEH BAE

o]F 1095 Bsy] 98 7132 vhdskr] 8 Aol

, °] Mol AHg L 35078429

L Qo] ALSo)] W S njHom
HH AYE EAT 5 A= 1094E(NLG, ofF US 597z18MvHE o S| HE vtdd
= o

=

- AFEA LdE FAT & “Ede] LAEIAY 29 FE7t oM BT ARt
S =l Ew0l He 7158 S&0] /710l AsAY AdeHAl dad @77 ozt A

0 EYGHIHL HR(SAEE, #7IE 239 AHE, 1d B AR HZIEe] A&, Alst
A e wR3tsted AR, AxTY 7, 598 EYS ASAAE AALS,
A g

[e]
Q1Z3l= EUASANE(SCG, Service Centrum Groundreingung)2] &

- EFAIAEHECO= delHel nlgoz H3mrE @435t7] $1s VROMo| A3d 7|&
olth. SCG= Agd E% 1E9 0.23Euroe] 8= 1.8Eurod] ¢Jald E5v= AT

gaRe) AQe 2aw zYEE AR A7) T,

kY

0 EYRITHE gulxx9 F2FEY ] HASE Qv IuksyA =2 (GAOs, General
Administrative Orders)a} &R X g|WHS FASH= 3] FH(Circular Letter)ol] 23 o]
YT

o2 E%HIHSol Protection Act), 37432 (Environmental

W
=]
Management Act), 1= (Housing Act) o] Ut

- AZEL A2z} e AFRS 9 EXSEE(ocal archives)ol] AAE Eoke] QAT

o 71 ¢ vlg A4 & (Landfill Decree), & A4 ¥ (BMD, Building Materials Decree), 5%
A9 x4 & (Discharge Decree), A 3}4 488 =5 2(1998 Storage in Underground Tanks
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Decree), A+ &

5 7+(NRB, Netherlands Regulation Soil Protection Industrial Activities) %

o] At

- AEAAEEBMD)E 2 BEE st dab B ojat Feol thsf AlstH, 2
N

ANET B BE Abolo] FF

o] MFNME AFAANE F /A E BRI, BE Ago] B 58

A7 B AEFE ATl s AAEH U

rok
N
AL
i)
oz
N
>
oy

-UEREY EYRTE 9% Ay 2% Ht(NRB)= 1997/1998\d 0l 2 HU oW, E¢S

Agsts AdZEH Al ek A He] s7F AR Aot

- NRBE i) 4F Aol 4] EGRSE 93 Z7hAe A4 74 i) 2
3

e

92, W5 D A 2E, AFEARYE, B B
EFgIalgHotel nEe) BEAe] 2AT EgnEAte A
a1 Qom, o] Be ALARARIA(HEIH 02 BAT & e Aade] FBol 2As Y

ATH.

o6 1993d ¥1tE “odd =FEYY #l(Managing Contaminated Excavated Soil)™ 2] 7Y
AEQ “odd ZFRESY Ao I3 AHARF(Policy Document How to Deal with
Contaminated Excavated Soil, 1999, VROM)” ol A= 7|53 =2 EQF, LA AE7} oF
e B AldstA .9 d Eofol el #esks Aotk (& 3-46).

<E 346> YZREON QYEX & 2% EYO| Ha| 7Y
=% I 2= Kz ogs 2% Y X2
%%7)% of3h (1129 AR e AT G
BH7)% o4 AYINE ol | AdFTol EXEE AWE | mYA nge dAbEHA %
(29 24T F g AZAAZ o) §
AY7NE o1d (Hae 29 FECREEEL. FELEL

5E 9% A2, LERANA AF0) H7HE 5 YEhE ARE) AT AA AL

9

_g— s
712% A3 5 FFE7|F ol (T+D2 oIkl B¢ EAY AHEL SAHA FAR ALaFE Avlste
A

dt-oll= 4T Aol e T A&

A5 F

erguson & Kasamas(1999)
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B Oi7E S50t 42 A3 K|S Wt (AT HTA)

o WiggEr wud s A%, AXFS PO s, TR ARo A A5k
BelE F2 FRALL, A AL 71E Fu 5 ASE FR Sk Uew AskSs
Mol Fa olgrolrl, A4 ol4t T 2ok

4)% o]'

g =2 7] g(HDD Horlzontal d1rect10na1 drllhng) ik
- AT
o gEAQ 4 Ial= 1995 1€ 250,000 o] tholsl= A3to] =g =, 4F=E
B 7¥

b i S
Bl = 5 B 9 g9el MEo] 1 £ Z/1E AR, ole VFnse] B
W

o UPHEE YWHOE ASEFE FRHAY Fe AsENT Hols YR oA Y

rlo
ol

o YE&=+= NWP(National Water Partnership)e} AAsle] AMA A Z & FH+= A5}
T8 7t d&str] A% =32 7ese] HZY g4H Vs gHRE fs A H&9
=2+ 7|&3 AEA =&o] Hie AR Mo td e r]&o] e Fol.

o ZHoiag JRe] =2 7 ]%OJ 4% Z3 7]<(Horizontal directional drilling) SRS %

H FF A5U Asrd BES ZUAYL AAH §5 A0S =usnA Folok
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W B0 st UX| (HH016)S *H78)

HrAze] di UL sHAGANA o B3 A Z EAE oINVI=H &

3] dEF A HollA EAlZ A4 FHIL AT

- & S0, d2EHEY Dune areacll Al 4= km o] A2 T<4=A 2] Ditch &=+ pondE E3}
o S A7 21 ™, Dune 258 A4+H F&FTE FHT Folth

W ITe} FSst X5t 2L ET, 22| §A4 7= EAE016)S M1Y)

H IT9 @2 National Groundwater Information System®] 3% 2 &8-S 71314]7)
I JQ&=H, olE B35t 2o #EHQl AsirAEE EEE ¢ JA g

A5+ 2L o] ol E 93t Visualization 7]1<¢] R, JAFAA A|2H So] F3o]
A= Y1, FHE A5 Fool =7k 1ol ZA Q7] wjwoll o]&f 22 A A A
st 3] #ElE A Ao FXHI, EU AHdollAe] F8 Axwle] F= L
A

W H HEHQ X5+ 28 (A'E016)2 M14)

§% A Hg WA dAsgrang Adeln REGE A4ds gl sue

co Agow B RE A tulsle sjgk MjE Astse] Bg A
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o WFe A, Ao AAsrE 28 FHoR IS 714e Fugonm A
QoA 2 A BAHAD EAYE slasts 5 AAG

T [¢)
Thermal Energy Storage) Al=®lel 9%t HE Wdi; Alx®le] &3] 3 Folth

- 9F 204 d7ke] ATES Z2AHEE F3tod 20061 A A= 5007 H=2] tht= ATES
AlzsElo] 29 Fol glom, Ho: Uy ARe] Wik ¥ ole} £4 Selx S A
857 3l

W RSk 4T B2 Y 0% 2Y @AHEE6E M)

0 19804t Fuke] ol WHHEE RE-wAEe] Hokselo] waHUA BAH B
g oplShEA g 29 ARE ASSE GE 7 343 S7sgol B A
Sol te B vhaEA gob Aske 0@ B RIYR 5 BARAIL BT
o sttt

= o]ol FRol A 1986 el MR Wl olo] FFRLM 5 A HE Sha, Y ol

ow, WE Fhse B

- 60,000 site (FA) 24 FA]2] oF 15%) Pl thek 5 AgLS FHlu o, wjd oF
3,500 siteE E-U3t= AFY-S FP i

- Special Risk-Based Approach¢! HIP (Holland In-situ demonstration Programme)”} A8} = o
WitR 29 siteo] thE A2, Z1EAE 8 A7k FYHQT, Bl 2 A, B o
A AspAe 7l Fol AEEHAT

- 2400 AHAM BA i, AQ BE, 7I€A S0l gEste] 28 Folth
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W CO; X|Z MF (ArH016)= M)

0 CO» Aol A% o th5% Gas field7h el | AN, A7) 23} wzk 7]
COA %3} ECBM 714X g% CO, Fsted gk A4he Hasis 7)
9leh.
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of)
flo

A% sl Mg 27] R FYI tigko R mYHh

Q@ At 24 AF (RE016<S AT4)

o UEd#se FAFHLS FYHR7] B Government of the Netherlands)oll A of 3} ##
2 TAHY AAFgo] i gAEA £, AR EYAsts ¥ AAS sHet
o Asggit

o FARIH, #IT AR competent Authority Municipality), =952 9L3]
(District Water Boards)e} A9 EAdo] FE3 A Rrido] AE FYsFHA X Yo
E3td e Fysta dggitt

o YEase O 22 T A9 @ FiZd dg A&7hsd siad nfdo] F34 34
AolH, o] feol= @ “Bestuursakkoord water(=A-d Ao tig FA P, @ &
A, ® 2159} nhdl sl(Wadden Sea) 5o A #ele F4 Aot

o T3 YFda s o BRI olyg B9 o] LS 93 AfA2H W £ 7]E )
ol FHe T Atk

W EU WFDO| 273 X|oj4 $8 83 M=}

o Yda=o] Fa FAe EUS WFDEU 3| 9Z7te] 21l that 7]
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(Government of the Netherlands, 2017).

W G0l si3t WIS 913 IBHY TEMEMAR) ZEHE

o e olFstare] URel MAR(Managed Artificial Recharge)S 1940\ o F-E] A &5
Aom, T FY JheAe] =2 JAFEEY & EAR AYoA 2 MAR X
E o

o Y MAR ¥ Ao 2 EAAY & 35S 9% MARY &5 Ao 24, 89
of wet B e =ol te 77 =AAGAA TR 9]
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B 7|$%#stof| CHH[St New Delta Programs St S+=7 U 438, XUHS & FEH

2|

2010130l Al 2-& New Delta Program& $~H3tAl HA=dl, 71l tid]ste] thefst
A7 A E0] AT = AES E3Hstgon, FE X2 0 Z 4] Delta Commissionerel] 2]
sto] F31=a ot

- o1& St B Y ¥d B 85w Fol U AL HduAS grEH, AR
T BT 7|ES FHEAL, 3o FEAGEH S, Y8 )l tE d5He Al aste]
AbES "HSHH, A 9E thF o] 733t ol Hu aHo R AT 5 A=F e
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Al

e F8 Aoz F2 Fo At} (Delta Act on Flood Risk Management and the

Freshwater Supply (20123 1€ 2&)o) 7).

o

<H 3-47> YE=2tEQ| X|ot2td 2

Top Topic =2 A o =4
- A5k ol &-FF - A8} H(Groundwater Act)
- A5 94 Y - A WH(Water Resources | - @E} 24 E(Delta Project)
-, 74 e Management Act, 1981) - & #g AY (National Water
-RATY AA - Drinking Water Act Plan, 2016~2021)

- A FAY FE, £

A#5e - 5A 24

- Water Act(2009)

- A5k 4 #Ae - Water Act(2009)
-FAVIE AA - Groundwater Directive
-Sgdo] 9 A - Water Act(2009)

_ ATESAMY - Water Act

- Provincial Water Plan

A= 2372016
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<H 3-48> Zatc

Fa YHE 9
peizz 1y

=
(Water Supply Act,
1957)

A&t
(Groundwater Act,
1981)

TAAH
(Water Resources
Management Act,

1989)

HEHY
(Delta Act, 1995)

(Water Act, 2009)

o

27 el
‘ﬁ_
(WABO, 2010)

& Qul
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Z7h A
44 0] 31
2849 BB
£21517] 9%

1=

P
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oy
H
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z8 HHE
Falg
g5el B welo) U@ 4 715 el
e 2o o3 7P SAE 52 59 AL S
oksts Aol L} g

At Agu AFFEY Ade A9 #H 9 srtE
whojol ala, mjY AAA RuE B B

A EF, AslkE B oolU} It B3 A8 AAE ek

# FAd AAe 59 2 A

- Water Economy Working Planol] ¢]&te] A& o] Z4& A

FHES S e
ARt Aele £ AY FY% 2P 29 F
2 B A% 2 L AFE AW WAE U9

go] 3
B e Eatel mFale A

H=
of 2% by FNE 9T FAL F7

1993133} 1995 ARk B4 Sl thabdoll thdd 2et Al
o]

fo
T
ol
o
do
QL

1996 FHokek Age tidoz Hio] o] Fox o,
o & A 15

19955 § H2 5 Hz 52w A2
g D=

=0d Toke] A=(FARIN, o, Alskr, A
T o9, i 29 = o
A A

T, ' S FA4 5ol tid FAde T¢A] 2,
HHE RdleH, & <8 A=FoA 9 sk, A=)
2 AHE AR o2 Jfdstal fAs] 217k A
< UUES A

FrE wF Alzdel A= FEE A=

Dutch General Provisions for Environmental Las Wac(Wet
algemene bepalingen en omgevingsrecht, WABO)2] 74
2 7 o HollA 26702] 8 - 37F 917} o] Fo{A]
d AL gy 7 AR B

o] &7tz B A RT|H = WA SADAA FEs
Al =HH, ol& St 57 7133 BEE LS 7F AAE
2 ke
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<H 3-49> Y ZEtEo| X[ot2tE 2E Fo HAHE

—

—

=2 M= 2

= 2
HHZ2OH

19581 3@~1997d ol
A% o] o}
e 2
TRAER §5

=l T ZAE
JEp =2 E 9L Zo)7)

(Delta Project)

(D1g1ta1 Delta
Project)

Sand Dune<
283 A3t

Fg Z2AE

Ztg:: A 2016)S A3

1953 Hafjo] X33 HeEo® Folgy Y wfiol A
Fa kA S A g # Ux= Al E Ao, 1 A3
1850 o] FR1# 715 204 ¥+ wig]7} 3| A= 3 %] 16%tha
7F fAaEE e AW A4tais) s Ay

o] HI5F& AdstA ¥7] sl, ek 99| 5/l F2 HES
W el 2 dAsta dAE A skl Ha wEs e
5 100kmol 7M7h2 AS F=(FA 6% A E)

I A#, w8579 do] FFEANL DEF A o] & 2Ho|
B AF o, A3 9= Alolo] nFEE AlFtH, 5
TR Fo] BEn AR HE THAZ()EE,
2012).

T Adzte] e ZR2AES ot 7|22 5 H A
o] HeEke =y glon, 2= Deltares, Delft, IBM %
o] AAIF] 1 7+ DEFRHoA =3HE 1000972 Z2AE
oA HEH dlolHe| #e ¥ 4L 9% Al=EE AN
o] ZZAE FIP& 9ot FHE, AY & A, tig}, vzt
ol 3 FF-RZ FEUA o] F-50] HA 0™, Dataol
71Rkst el 2|99 sl WS}, A5t W 5= ST
7 45 92 HUkE JhsesiAl &

qn:
o
2 g

B Z2AEqAE, D AR BA T FE A2ES
75 +9dH, 2) A B AE O AR B
T3t = I 23S AL I 9e TAEHH, 3)
2E NAAE, £, B2, B, £2 59 EAHEE o
St t8E F UES e T A BAS T3 A
5ol 7t |

53HA
At TS A 28-S EUS WFD River Basin Management
Plans(RBMPs)ol| &A 3] 3153 g
vld & oll= 4719 River basin district”} &A43FaL 9lom,
Z FAW At #5 A2He A &9 F

Aetr ASLL oF 2,200 AxolH, #F M| HAH
T4 EUE P 24L& %‘ﬁl%k(“‘i*%k = 71082 AAo]
HH, 34 £4 58 Fot AGE o4 #YE 99
=&l taix = VIRt 71PolA 585 BREFHol #5
AN2EE 75 98t lom, oF 2237 #FAI2Hlo] &9
HEREE §5 FRE 9] A Qo 71Ee] HEL A
I gt BAR A3 Sand dune S HET B
3 AEE Hgate) FAd B8
UL gE= Astrol A FHaske Eo] MA o 10%E 214
skt tit= B4 EA7F A ol ti&F Askr A
To] 7hs ' =7kl

Aol EgE] Qi At vhudg, Wl ol
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(Hh L2Ego}
© =73
o FE WA 83879 km'oR Pte] AART ozt How, uithl QlE WEFORE U
2~ AR 7} FEo] 379 25 At Yt}

- FE9 32% A%/t 1= 500m oldtelH, WHolE= oA E# F(Neusiedler See), o}l
Z(Attersee), Eet2 Z(Traunsee), 5, 2929 A &3t EHl =(Bodensee) & &
T B

- FAA S| FEL 42%, AR HGo] 1 E] 39%E A St

- T EO| 23 ATTt T, A, AR oF e AR e Fo] lom, 1 9] 37%9]
TEE EXol& 771 o

rlo

o 2015 Q1= 8,579x e, l7¥ =+ 100.3%/km* = 1990-2006' 3%t 1+ F7H&
44%= EU HdRt}h oF 2817} =t

o 97]9] AWApx]F(Federal States)2 T4 %o glom, 117 GDP7} $51,183(2014'd 71%)
2 AAANA 7 B3 =7F 9 shuelth

Q@ EYHE 3% £ A9

o »Edo} 344 (Environment Agency)olA FHAZ e QAR AE= 9144704 (AT
1,000 % 109704l si)eln, o]FoA 56874t LARA(AF 1,000 0.687]4
o)t} (van Kierkerke et al., 2014).

FEAE FFHAZIENHA 32.0%, AHHAZI=HHA 165.0%, 4 B FEFEEA T
LAFZA] 41.0%, A 12.0%°]t} (van Kierkerke et al., 2014).
- Prokop et al. (2000)ol 2]3}™ 1997d #A) 2 xEgole] A& QL HAFA = 2,5457) 4,
o]Zo Al oF 1357047 S HRA YTt
- Prokop et al. (20000 23} 19973 A L ~Egjole] FAF QdRA I A5E=
van Kierkerke et al. (2014)ol ol A = AT
o HllK(Vienna), A=(Linz), 12}=(Graz), ElE(TyroDA Yo E¥xt# & 300m°/el o2
& AHe s A =T}
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S 2Eg ok AHE (%) L xEgote] 1909 2 H (nf)

JFraha ) ™ ', _Praha

Numberg Nirnberg i |

& Bulener P )
e - h Jjublj . 1]
{ et Zagreb “Llu pnf 'Zagreb
_ & Triesie 79 S Trieste =
Verona R 4 W Varona : I PR
. '- N . ! 1 A
T 1 i s 1 1 . { 2
[} 50 W00 200 kri, L ! o [ TP T s T, 200 E 0 gl il L
B o2 s c B o150 icap [N 450 -600 e f cap
DO FETY  Errn I 150 - 300 o/ cap [ = 600 0@ cap
4£B% | 300 - 450 m? { cap

Z+5: EEA(2010), EUROSTAT(2010), Prokop et al.,(201DellA] 2|18

<12 3-60> QAED|0OI| EQXHH BT (20061 7|ZF)

0 2002 o] EoFe] AH &L LAEF ol AN AEHHoE RUE YL §lom,
B9 AHE&S F7IRAE7HsA A E(national  sustainability indicator) 2 AR&EFaL ATk
(BMLFUW, 2007, 2009).

0 1980t Fite] EFRARAC] BAE FAHAL FHs] AT

- IR RS FAEA B e A ISP A Q ‘Fischer Deponite’e] FZE2 0] <l

oo F8FYARE E8E0] 500,000 0] ©]&t= 5&F7F ARHsHA HHEA ot

o 1989¢d  =rpEstzEadfo] TlHI LEAY Al w3k AN
(Altlastensanierungsgesetz, ALSAG)®] AA =1, LHA Yo tigt o] nfA = )

omRE MAHE FLEAE BISH, 050374 =
FE7} AAAClH AR £3ho] o]Fold + YEE F= Zo| F7}

(van Kierkerke et al., 2014).

o 2FFA 9 AHolol| 8% = BHES FF7IT0l 5%, W] D% BEE It AT
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(van Kierkerke et al., 2014).

- 2011 e gRA A8y S 32.6M7 fE(0]= F GDP per capita 30,800FE, ol %
GDP<] 0.13%°] si=)E A&t

o EFRZE kel #A3 I7ke] M2 jlou E
gesetz, ALSAG)®] it}

o

AR GA S (1989 Altlastensanierungs

- ALSAGY] &3 #H7]& A nl 822 1989d ojdel| edd #H7|Ev P e g4
Asl7|w o= vidshes b o, 7|5 w7k dA A8 E A o wel ARSE T
o 1 9] Water Act As Amended 1959, Trade Regulation As Amended 1994 G°] E& o4
A5 BT o
A Ao Aol= ARG FAY RS HH 07 Water Actol|A] thfaL 9lom, A
o LAAYE Fa Yk
- Trade Regulation As Amended 1994+ ME49} 34 24 5 CHCE t-F1 A= Al
< TAIST
o MoEYF(Ministry of Environment, Youth and Family)= EXQ @A o] A3l AL&3t=

715 e B3rl= vhdel o] Ao

- MOEYF/UBA(The Federal Environment Agency)= EX¥RITA NS Gdosts FUAH R
HBoE AANYE 55, FFVIFOE A B FACHE Fosta, FAY =24}

&
2 Agstol] #3 AAT Ve AFS vEdH

o 2Eg o}l AR (Ministry of Environment):= =412 3k o]o] wE Rxo] F7}

ol &, Eeoke] A& A7) 3l 1071 BEXAYL sk, o]& FH Folth
- osEEo}l 97 FAR ARRE AWAR AYS sty F Arel AYe] Bz

HE At 101d FHAIE S A
AGARY] FHAG] A& NS A% 2L~Eg ol H=H(Austrian Strategy
for Sustainable Development)’ o= @ ~Eg o} Eoko] 21H-&S Bae] 1/10 0|8t 7+
2A7E AL £33t (BMLFUW, 2011; Prokop et al. 2011).

- o]& T3, L2Egohe 2002\ d GA EO] AZF A4H & 9ha/H A HZ-E Sha/dE 7t
2AZ vk glor, TFH o7 Bk AH &S lha/d ol3tE ZAAaAA EFY 7ss 3
EA7|E AR HRE 51 Jrh

AARE AdAZ B ¥ AEE ZUHY

ol

ba glem, o]& Husta ot
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(BMLFUW. 2007 & 2009).

35
30 Lanid Take::
_| I e Buildings
: — mEmm  Traffic
5 | | - 3  Recreational Areas
a cn
T 0 4 H  Sealing (43% of the above)
d |
= ol ok e
8 15 {4 e
a "’_-4 il El B
= ! i |
EE T s | - : .
s il LY Iu: & s &
> 1 “ = o | = 2010 palicy t tf ali
R R SRS oo
002 2003 2004 2005 2006 2007 2008 2009

A5 Federal Ministry of Agriculture, Forestry, Environment & Water Management (BMLFUW, 2011; Prokop
et al. 2011014 AA-&
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QIst Mot ¥ AP Y BLEY Z2IW 29
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9% WPow Aafel HE AR AL FHsE AT

Ein Lebenswertes Osterreich, 2017a).
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o Q~EgolE= “Water quality and water protection(#83 2 H3F)” gt= E¥ o}y
geordt RUEE Z2a9S AFstH, o] 5 SAl(water bodies)e] R&e ZUEH, A

3l EUEHo] E-HAoF 3 ¢t (Ministrium fir Ein Lebenswertes Osterreich,

@ A8 B A

W X Y

o exEflol £AY A F& FHE AW BE, AG A, F5 2FMinistrium for

Ein Lebenswertes Osterreich, 2017)o]H, 2t F&H =8 J&L2 g3 2.
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<# 3-51> ELQHCHMBYO| EAF 2tot 2td 7[F(mg/kg)

=3 Target level of soil quality (leaching and content tests)
cadmium 0.01 mg/l in sample solution and less than 0.4mg/kg in rice for agricultural land
total cyanide not detectable in sample solution
organic phosphorus | not detectable in sample solution
lead 0.01 mg/l or less in sample solution
chromium (VD) 0.05 mg/l or less in sample solution
arsenic 0.01 mg/l or less in sample solution, and less than 15 mg/kg in soil for
agricultural land (paddy fields only)
total mercury 0.0005 mg/l or less in sample solution
alkyl mercury not detectable in sample solution
PCBs not detectable in sample solution
copper less than 125 mg/kg in soil for agricultural land (paddy fields only)
dichloromethane 0.02 mg/l or less in sample solution

carbon tetrachloride | 0.002 mg/l or less in sample solution

1,2dichloroethane 0.004 mg/l or less in sample solution

1,1dichloroethylene | 0.02 mg/l or less in sample solution

cisl,2dichloroethylene | 0.04 mg/l or less in sample solution

1,1, 1trichloroethane | 1 mg/l or less in sample solution

1,1,2trichloroethane | 0.006 mg/l or less in sample solution

trichloroethylene 0.03 mg/l or less in sample solution

tetrachloroethylene | 0.01 mg/l or less in sample solution

1,3dichloropropene | 0.002 mg/l or less in sample solution

thiuram 0.006 mg/l or less in sample solution
simazine 0.003 mg/l or less in sample solution
thiobencarb 0.02 mg/l or less in sample solution
benzene 0.01 mg/l or less in sample solution
selenium 0.01 mg/l or less in sample solution
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Reasons why you do not drink tap water
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Changes in Production and Import of Minaral Water
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Transition of land subsidence over years in major observation points
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T - om) 24d At o Astes) 34 Aol fEFEe
S @] K A FA
|o+Tﬁm=. i - A FAE BB 2AE A AsGTL edHE AL
c WA ok &k, )1F B3 Astrrt At +2& G3AT=
A 24
S ST A A BerelA 25 B ol
= 2F 4o 3 HAEE e HRY o, #HEHA
ANAF | R 3 RF soke) olg, F4F 7, B4 2 AP F29
A4 A s BE, 15 S8HE 5 59 o]4-g A
- E5% 9, B, R Agel 2HE A% SR £5
581, woF 5% ol83d 107 99t olake] Wae) A3

A5 A F22(2011.9.28.)



(3) ZA 5%
(7P UN9] A &715% 71d E3 (Sustainable Development Goals)

o 1972 6€ #ARAIN AAMLT EAE JAZAIE FAAZHF] S (UNCHE, UN
Conference on Human Environment)7} W& ¥ o] %, 1zt 7o) B3k =A% & &
< B 1992d 649 Bepd glpuApd o]l FollA /i E UN
Development(UNCSD) 3] o]l &= A &7Hs3E 7fute] A o7 AZE QT

Conference on Sustainable

)
N

¢

- 1992 UNCSDE= Q17He 41 0.2 8He A%7bsd Aito] Aalsa gk Azt 23}
olF AT ANAL 4 GHoF B Ao] FRIHW AwHoR ‘gea
&

(Rio Declaration on Environment & Development)” 3} ‘2]#]121(Agenda 21)'S A& it}

o UNCED 3]9]7}F 20do] At A|-of A A&7 702 Post-2015 &2 5% E o]o] 7=
A7 P& olFY 7= EEEMA A7/ EA(SDG, Sustaniable Development
Goals)o] +9F3|(UN General Assembly)olA =2]Fo] 20153 A|68x FdZF3 (UN
General Assembly)ol| A4 =l e g T,

- SDGE= FAF3] oA A< 8atee] F/12dHt 39 (Open Working Group, OWG)E A
2] = A o 2, Millennium Development Goals (MDGs)©] w2 &&= 201513 ©] 3 2030

Us S3E sthe $5 A o)A AX A dA(political declaration)ol] &l &-gkct.

—

rok

1 J%

o SDG& 2030ds =xE stal lom, HA 1770 Goals(x2)¥ 169 targets(FF)= T4
Hol glem, SDG 197] F3kel Eke] 4, A s AAH AU
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<# 3-56> UN X|&7ts%t 7§ EX (Sustainable Development Goals)it £ L&
o =5 nE=}
1 No Poverty - End poverty in all its forms everywhere
- End hunger, achieve food security and improved nutrition and
2 Zero Hunger promote sustainable agriculture
Good Health and . .
3 Well-being - Ensure healthy lives and promote well-being for all at all ages
) , - Ensure inclusive and equitable quality education and
4 Quality Education . . "
promote lifelong learning opportunities for all
5 Gender Equality - Achieve gender equality and empower all women and girls
Clean Water and | - Ensure availability and sustainable management of water
6 Sanitation and sanitation for all
Affordable and - Ensure access to affordable, reliable, sustainable and modern energy
! Clean Energy for all
Decent Work and | - Promote sustained, inclusive and sustainable economic growth, full
8 Economic Growth and productive employment and decent work for all
Industry, - Build resilient infrastructure, promote inclusive and sustainable
J innovation and industrialization and foster innovation
Infrastructure
10 Reduceq . - Reduce income inequality within and among countries
Inequalities
Sustainable Cities | - Make cities and human settlements inclusive, safe, resilient and
1 and Communities sustainable
Responsible
12 Consumption and | - Ensure sustainable consumption and production patterns
Production
- Take urgent action to combat climate change and its impacts by
13 Climate Action regulating emissions and promoting developments in renewable
energy
. - Conserve and sustainably use the oceans, seas and marine
14 Life Below Water resources for sustainable development
- Protect, restore and promote sustainable use of
. terrestrial ecosystems, sustainably manage forests,
15 Life on Land combat desertification, and halt and reverse land degradation and
halt biodiversity loss
. - Promote peaceful and inclusive societies for sustainable
16 Peace, JUSt,lce. and development, provide access to justice for all and build effective,
Strong Institutions . R
accountable and inclusive institutions at all levels
17 Partnerships for - Strengthen the means of implementation and revitalize the global

the Goals

partnership for sustainable development

ZL&.: UN General Assembly Sustainable Development Goals
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- B YA o] & o= I3 EFA Y A%, FH L A AR oA Y ATk ok
I A4 (SDG 2.4 By 2030, ensure sustainable food production systems and implement
resilient agricultural practices that increase productivity and production, that help
maintain ecosystems, that strengthen capacity for adaptation to climate change, extreme
weather, drought, flooding and other disasters and that progressively improve land and
soil quality

- SDG 3(A7%3 A& FA))

- BHLFoRREY Y A P 17As A (3.9 By 2030, substantially reduce the

number of deaths and illnesses from hazardous chemicals and air, water and soil

pollution and contamination)
- SDG 7(AAstaL 7AAHEIE |A]) & SDG 13(7] S 3}t T
- EqFo A9 nlo] om0 AT oA g8, 7| FHILE ¢435}Etr] 9
olqret A2

- SDG 12(A A= 4aHlek A4h

olo
N—

£

B

k
Jl

- EoFe] ®5(12.4 By 2020, achieve the environmentally sound management of chemicals
and all wastes throughout their life cycle, in accordance with agreed international
frameworks, and significantly reduce their release to air, water and soil in order to

minimize their adverse impacts on human health and the environment)
- SDG 15(84 AElA) & 16(H 3ol A2 e Za Ax)

- A&7Hs% EX) 9 #] (Sustainable land management, SLM)2 Apuka} W] 9} x| &7}
3k T 2] Z21(15.3 By 2020, combat desertification, restore degraded land and soil,
including land affected by desertification, drought and floods, and strive to achieve a
land-degradation-neutral world)

7| B, The, B B3 3
- Ao ARG A, B, ABIAR] @49 WhEk(returns)S LSl oF ¥

Astee Akl EASE 714 2 FR BEANCR, SDGE A4 Eishe
2 felo] ta ol47h E B o] 9l 24g o2& majelFrol o

i,
Ae sl F2(SDG 6-70%3 &3 YA)S FASHL At o] ffdx 87]¢] FH
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A str7E AAE S ok SDGOl WEH, &

A2g7], 3l FEA, 55D 5 2 AT AAEH A2
o o 2 A, @ & o8 Fdl, & HI

2 @ 271 €484 53 RE 79 58 FAY &

3 Aulx B 55 22 sa ¢lth (UN SDG, 2017).
- SDG 2(7]o}52])

A YA sh el S, A FA, 7130}, S o, THE, B4 e A
el &9 st BExor B XA FFS A7 v #Pet #AGDG 24 By
2030, ensure sustainable food production systems and implement resilient agricultural
practices that increase productivity and production, that help maintain ecosystems, that
strengthen capacity for adaptation to climate change, extreme weather, drought,

flooding and other disasters and that progressively improve land and soil quality
- SDG (¥4 H3)

- &Rl el sk FEARIE, ARTZIRIAAA Y FF3 Y TFE Tl FE =F
of that 71X S Bl <12 A1 (5.4 Recognize and value unpaid care and domestic
work through the provision of public services, infrastructure and social protection
policies and the promotion of shared responsibility within the household and the family

as nationally appropriate)

- SDG 7(HA3skaL 7ARZE oA A)

A ANAA, AR Aot 7zl tid HZS FX8H7] 913 =414 de s3], o
UA| 7IA AT A A] 7]zl g T2 S%1(7.a By 2030, enhance international
cooperation to facilitate access to clean energy research and technology, including
renewable energy, energy efficiency and advanced and cleaner fossil-fuel
technology, and promote investment in energy infrastructure and clean energy

technology)

- SDG 11(A &7’ =419 3-54))

e

253 HAAZT BEd S-S T, AR ¢ 9 9siA 5 A9E g5eta, '
A A TPt Aol ojs) BsE FUFYA o) FHH A A4S
¥ % 75(11.5 By 2030, significantly reduce the number of deaths and the number of

r

AF

people affected and substantially decrease the direct economic losses relative to global
gross domestic product caused by disasters, including water-related disasters, with a

focus on protecting the poor and people in vulnerable situations)
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- SDG 13(71$-x 814} th-8)

RE TI7klA 71 #d 43 AdAsel o duE 2 AeSH 531
Strengthen resilience and adaptive capacity to climate-related hazards and natural

disasters in all countries)
- 713 WsL 2XE A% 37 A, A= D Alge] F3(13.2 Integrate climate change
measures into national policies, strategies and planning)
- SDG 1452 = AD

Frey] D JFAT LGS TPSe] B3 £ /N FFOERE BYSHE BE

o

F79 g o=yt 7F=(14.1 By 2025, prevent and significantly reduce marine
pollution of all kinds, in particular from land-based activities, including marine debris and
nutrient pollution)
ket HElAS A&7bssA #8-B5(04.2 By 2020, sustainably manage and
protect marine and coastal ecosystems to avoid significant adverse impacts, including by
strengthening their resilience, and take action for their restoration in order to achieve
healthy and productive oceans)
- SDG 15573 =i AD
- AP ek ool wet SAWE A 2 L AR 2, 53] "G AR 24
o] HE B " A&7e3 o] EAK15.1 By 2020, ensure the conservation,
restoration and sustainable use of terrestrial and inland freshwater ecosystems and their
services, in particular forests, wetlands, mountains and drylands, in line with obligations
under international agreements)
Avebs WA, A Rel RS Gee e EXE T3 FuslE X9 B B
T3], EXgH3E Y 24(15.3 By 2030, combat desertification, restore degraded
land and spill, including land affected by desertification, drought and floods, and strive

to achieve a land degradation-neutral world)
- SDG 17(A <& €9
- s gelol o8] ARET FHrE L ARAV|% AL, oA, BF, B F7
(17.7 Promote the development, transfer, dissemination and diffusion of environmentally

sound technologies to developing countries on favourable terms, including on

concessional and preferential terms, as mutually agreed)

- A&V HER o)8S 93 AT ZUMAIE A YS Y3 dFAsE o) E}
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o, ol& 3 FAASe] A9 #3179 Enhance international support for
implementing effective and targeted capacity-buildingin developing countries to support
national plans to implement all the Sustainable Development Goals, including through

North-South, South-South and triangular cooperation)

Aot I e ol #AAE EVY 75 H F3(17.16, 17.17)
b AMETFAEeF (CBD, Convention on Biodiversity)
O EY

o AETHAFHCBD, Convention on Biodiversity)® UN Al A2 &~ ]:rL(FAO Food and
Agriculture Organisation)Z £33 #&d UN 7| oA ER A #A3 w8 L 1, 7

3}
=¥y So B3 A 2 e ey =97} AYPH 1 Q)

r

& ok A6k FAT 322002, Yol 2HDE B AETYA BT A
o] &S FA= Fojo] Fa A olfE AASAIL, UNY AAXNZEYT7+E =3
#AH J)FE 2Ast FA #HHEI Ekol AETAAO|UAMEIB(SBI, Soil

N
—-

o

ox
o nfd
e

o
)

o FAO<} EMBRAPA-SOYBEANS 4| ## 3k 9] Z4&(nternational Technical Workshop on
Biological Management of Soil Ecosystems for Sustainable Agriculture, 20023 B2}&d &
ZEwh)s MHSE A, CBDY 3522 FAOS A &7bsst wd Aol I3k o F
Abes AA T

o SBI= A, B¢ Aevtdd F871%53 s H w2t L}E‘rﬁr% A-Ae 5 AL

o o]& o] FAE= CBDY H38t7]&AE7]7SBSTTA, Subsidiary Body on Scientific,
Technical and Technological Advice)oll Al =2 o] E¢Fe] A=t A&7t Y
(Soil Biodiversity and Sustainable Agriculture)2- m}&&le] FAO] A &¥ ),

o 1 9 SBIS| F A BAE 2RI A Ekel A& BNV AT EFWL mUH
o, EGPBTEYS] YA NS YBAA Ao s WEThEel
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F573F A2’ i8] Tropical Soil Biology and Fertility of the International Centre of
Tropical Agriculture(TSBF-CIAT), Institut pour la Recherche et le Developement(IRD),
CAB InternationalS 32 3}+3t thefsl #a 24 2 3t W7 2AEy ZTH o2 =9 9
A2 AL APk gk (h83h 2012 AUH).

A, 54, Ass ek Bew QA REo] B3 olslet x4e] A:r} CBD

o A olgo® A% HA Frhe FAH G Bol W T/ AY) WA F=
=

(th YA 2 HZ (Nexus approach)

o Yx2 Z(Nexus Approach)> 374 #Ad7te] 43 #AAGY 4s TH54, 28 I3
I @ 4zke] 2 ALY o5 WEE FEst HIshe Zlolth

- A2 oA VI faRgE AdS o] B3 AA Y Te, Ay Y E
a3k Aotk (UNU-FLORES, 2015).

- UNU-FLORES (2015)= =, oY=, 4&F3te] dAE v52 =43kd BA A 45 o

Al B FEH Adee A o (2™ 3-TD.
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Water
®

Z+&: UNU-FLORES (2015)

< 3-71> =, O|HX|, HF 2o YMA FI

o Ee] BT A%bsd ol gL o
8 o] Folxu, o] u
- AR A BAE EHA B} obd FLAA B

AA S} A%7H5T AAAUL o §o BY A2 WL AARY LATY FF

THAA Ao, ol & BH o= AAAZ7] AsA =

A o e dAd sl ddshs

¥

g z
4 &
et - TP

e ST A0 Warigy,,,

F:a, ARIR-ASPSH-AAA U o] g3 BUL, b, Aelus) Eopde] WAs A A
A= Lal, 2015
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<17 372> J|S@sj0l T2 AlZot=o
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(Puget et al., 2005).

o WAz HE UN SDGAIA #3353 Qi AR T gutsin, 4
ol

ol thgk FAko vk AR 2] Al TFoZA

oFH, o] Tl A&V A8 sHPFS AlastH FEdde S FAA

FHoE IAEATH
- Hoff(201D= ¥A & A= A&7bssiy Hids HAjss sdo=
- SDGellA B4k, &, A%, A, A=vdd, ddA] 59 olse EFHolL bYd =

Wl ol k.

WATER
Security

ZF5: 1ASS (2015)l1 A1 #1918 Miiller (2015)

<38 3-73> YMA JZ0Mel 7[2liel EY 5 d=CHdel

- UNEP(United Nations Environment Programme, 2011l A o]w]sl= A A A & I~ H
<3 =27 gtk
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UNEP(2011): Green Economy is an economy that results in improved human well-being
and social equity, while significantly reducing environmental risks and ecological
scarcities. Its carbon output and pollution is low, and its resource use efficiency is high.
In a Green Economy natural capital is valued as a critical economic asset and as a
provider of benefits for the poor. The Green Economy approach ‘seeks, in principle,
to unite under a single banner the entire suite of economic policies (--) of relevance

to sustainable development

- ghul, =AY ABH o7 APEr] YaAE &, ou A, 2lekelr o} o7t A S

ek FEAQl g B9 ol Aol ok ste=, AA WA= HEE olPste A
2 I e dojAs AR 43 FEERreDe Aok (Weigelt et al., 2015a).

- A g4 Fofol| ] Y HEe o E, SEATAAALATAE T A FE 9 )
Jol| A o] &S &, oA, A ¢FR(food security) AFo]e] ¥lA 2~ HZS F3star ¢

t} (Federal Institute for Geosciences and Natural Resources. 2017).
A&t Aol BN FoE FEAZ o)
- RIZE A3t o] 89 SHA A7 - I - olURA] Alo]e] ¥l HTS 43 ghat Q)

o} (Mukherji, 2017).

(4) #8 OECD =7} 59 BEdAsTdF 27 Ied 4, A%

b v =

O EY

@ EFBARATE

o RAWI} e YH/NEE AAFI om, HAZ LPRA PRE ATl o
Hg ARSI 3, F/AANA AGRs 2, F2E 9 0FAT A, 201897}
A AR A AANAG BA AARS 8 J)E LGRA F7} A8 BE DA
Fxlsta ok (EPA, 2014).

o 2013 8¢ 4= H(Executive Order) T3l falAlA #e] Wehe AAF AL, EPAE ‘24
AZF HAAE 9 =38 3sAnE A stn Qo (BPA, 2013).

L
of\

3t Aoy, HTol=

o m=e FHALE TS T O o A5t 7€l
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A F=A o8 9= F& Ve, AEsd A3 7le del FHEst

o m]= EPA°] ORD(Office of Research & Development)o| A& RAEA 3 AT ) A%+
EA & odrd® 2 HA 5 7 A5k Aok

|

o
N
o
N
N
i
filo
o
2
N
i
fr

ro
1>

ol
ol
k]
>O

lom, AARE ed7Ao JHE AFste 2

923 BAG 5 AW i 449 AT 2
W Ao|EEAS 2 BUFH 3t A 5% HHo) ALHE HolE BPA Ho}

o #HACe Z2 Il wUEHY @ =4 & Z2 IH(MMT Program)S AZ, ZUEH,

A S8 FAETE, ZUEZP AR HolHE AlEste] 54

o Hla B LA AL TIAR SALE FAE A 2010 7= 7,753 iRt &
g fFEolH, H9 Z&Ad E(Remediation Construction)7} th=o]t.

o EY, Aty Al T thE 3AE 60% olde Ak floew 2008 71E AAS] wi
golnt.

2o

i}

@ A4
@ AsBARAT &

o EBl= $44s A SdARl 2, 440, 42T, SFL0A A2 e
A+ (EBI, 2015).

o o]& ngoz 719

i

= o] A|Fdte AFFFES EFAPEFTE AA et SHHAE
M8 2, HEAE 5 170 AREorz RSt 9t



g TFRolH, BdA= Z x4 ERemediation Construction)7} th4ro] .

@ AT AFEA FA 4

o "= B, At dA T ¥ IAE 60% o= AL o 2008Y 7lE ¢
Aol viE2 of 13,0005 Eejol] 2t (RI=83td71<ed, 2014).

o wxo B Xslg #A FAPA = 20089 7FOZ 49497 2] AL Qo m &
19} 24 0] & W3 A= 309700l EFSEARE o] 5o AA A ¢F 60% ©]d= X
=

-

™
o
o
ok
p
ol
fu}
ll
f
o
Q2 Y0

=2
HAsiM = Aok o]l <l

BDARSON

= URS Corp URS B Shaw Group

m PARSONS

— 20084 D= : 10,0864 TS — 20084 Dj= - 6,998 “_,HD._HB — 20084 ODj=9 : 3439 WOt

- HEEE oY 529 0$(7.5%) - HEEE OfE : 685" 35(9.8%) - H3RE U= : 669 HL$(19.5%)

- AEUE  HRAE S 7IEA R / - MEUE T 24 9 oe AlE, - MEUE S UK, 044l 2E,
Atelald, HE(eEL Ad, 7, ol 4x| & ztst & 2of x| L ofE HEAE 1E =X & 20f
HiE) 2op AA|LjofE W HE 9 AHE B HE AMALo L HE

m CH2M Hill GH2IVIHILL. g Jacobs Engineering m ® Bechtel Group

— 20084 OjZEoH : 65,4244 0L§ — 20084 OfZ o : 11,2524Hatg — 20084 OHZE Y : 31,400 2Hat§

- EoRE ofEY : 592490t§(9.2%) - H5IRE 0jEY : 4854 7H5(4.3%) — H3} ifE - 44444 0t5(1.4%)

— AMEUE ol X], 23, 7)¢ - MEUWE : I, ASAL StEL H A - AMEUE S "B S =
Al N WS, A 20 OlHAL 2HE, 71 gtAlE, Zah Mot hE, UE 4, ZiL B 29, Jp
Ax[Ljoig o 7 20p Ax[Lfof> ol 7 E2 HE ZopAx|LojE o A

<12 3-74> 0|2 EFX[S4 F2 LAMI|Y g
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, Aster 294 =7 JAHEY
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[e)
ke A2](1997 3 7+A] 370753

1
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=l

1Y

(EU, A72F 37 35 A & (Horizon 2020, The Life Programme)

E

ES
Wl E 2] o

|

Q1S 1991 HE 19959714 &

18,0007

b =7} ¢

S

Ea

o FAedde A=

s
0 2Egol= 1989dFEH 7| Aol A EF, A

o WHE=E 19909 5E] 19929744 A LA Lde

o

k!

o

o

q
A

o AL A

o

R

178

A

=

=

714

=1}
=
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& 21,029 ¥l CAGRe] 46%% & A%

@ Ag

@ AstF#P A7

o Y AGlM EF BAL A5 7 Fo] A5 wt /1L Hesn gon =
Z

Qestn A - S5ty A F1%o] LAY @FRHAY71 %9, 2015).

o FH Z =R EY A3 Je ol e AHEA, 7} =9 RAEA(ite-specific)l]
Agre 7)|&S o] &3t = Ao E Holn vlwE AESHH X g (Biological Treatment)

9} }8+# #g] 7]<(Chemical Treatment)o] WIW3IA AH8-E 11 gt

o YdTatr AdYA(n-sitn) A HE FE AL3E Z71E I FoA4 e 99X =
2]3}87]W(In-situ  Physical/Chemical Treatment) <F 60%, <H$Ix <& 7]¥(n-situ

Thermal Treatment) ¢F 40%2 ¥ x| FHWS HL3st3 Yt

o YdatE 99x AE32 A (n-situ Biological Treatment)2} Y2 E)3}sta A

2](In-situ Physical/Chemical Treatment)7} A & -&&He| 70%H = 283t ot

o d~EYol AT, Zapro] AL QX (Ex-situ) AEHE F2 AL o, o~
EYole] A9 &9 x - x|l HESHA AT H(Ex-situ/Off-site Biolobical Treatment) %
18 95%0] ol HTEof T AE was F2H(Ex-situ excavation), F7Hg]+ €9

2]« Bz2)9)] d&x2H(Ex-situ Thermal Treatment)e] 50%7} 2 &3t}

o A 137 FHATT F 670 I7HEF, ol o}, gFotye}, a4o], Znpy|ol,
F=)= 718k A2 (Other Soil Treatment)o] F= A-&H 1 glom 53] I B¢ &

A2 71 el 90%e) < AA sk ot

@ AP ED FE A4

o Aoz 35N HA|Gite)7t 29 A3t 2ad dHolnz FF A2 M Ad A
oJt}.

i
o5 ARHM BY, TP YLUE /190l G55

’

o o) 059 Alo|Er} HE7l Bad Awolw, 359 Ao|Er} AHel 24 Eo

oz M7ld, dvt=, I, 5o A &9 Ao YWk
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& o] Bilfinger Berger,
o= Y3 ESF - A

B Veolia Environment Q VEOLIA B Arcadis Q ARCADIS
ENVIRONNEMENT v e -Water -Ernr :
~ 20089 OfZ 04 : 35,0908 DtE — 20084 OjZok ;17408404
- AMYUE  AHR(E 9 Ob 2], SSEY 24 % - NEUE Pt E(uEE EE, ISR, He, 2
TE) SE@7] Hal, EAEL EY B EY i‘éi}. Ct2|, B, EXTHY, Yi4, H2), 53 8
7, 28 0|%, 20| 2 /2, AU RI(0HRA] 8l oteAEl, SE(EY ASkr 29 Fa H7(2 Xa|,
S, %'E!EEIAI*E“ 71= Hof & YY), Y =& HEA 28), A8 AMF 2 =d e
B Sita France(Suez-Environment) ® Bilfinger berger Burmcg BERGER
— 20084 OfEo ;12,364 0HE '@ — 20084 D= ; 10,742=401€
— AIEUE . S(Al2 Mt gl 222 2, EHE — HE3FE 2 K2 AHBilfinger Berger Umwelttechnik)
EH/HE/RY, H$ M2l S5, st 28), Oj=ot : 22644 0HE(2.1%)
MY T|(H, EF M2, WEE, A2 9 0fE, 2EHE]  AYLS MY ZEE mE(UE4e SERE, ZSUE
U EYEH =4 He P 28D HRLOjR), AE I Al A/H=/2E 7[9tAE

<18 3-75> 74 EY - Askr 78 29A4IY d%

A4S ALY 125482011-2016W) e EF F% 09 B A AY TP
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(GLASOD, 2015; Sonneveld and Dent, 2007).

- GLASOD+= UNEP(UN Environment Program)el] ]3]l 199113l A|2Fslgiom, AA] &
ol A= TR FHl, 5, =9 891 5 1:10,000,000 R FHAEE A
28t} (Sonneveld and Dent, 2007).
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0 EE Abe EFH ATAke AZo] I e A9SE Aze] HHoR ANe B
ol QlFe] WAG olole AR Eokel AU s YUAAM2E AFe] 4
¢ 915 RaFojo} gy,

- B A, AHAANE AT UM ARRL gow), AR AL AL
S8l Eope wreA mAdol @ 1 Fo% A4 AL S 1T ), Eokel] A} v)

o

© A7 AES AAske Rl st (EU, 2015; Official Journal of the European
Union, 2013, Koch et al., 2013; Hurni et al., 2015; Ledbetter, 2015).

FHAGY F=, L2Egol T3 v=9o EYgRAGHLE 2000 o] F EFFHE(soll

security) 2pdol A Hsta Aok

O ‘ERIR’ & ‘E¢E’, ‘Edo A, ‘EF9 B’ EHU PHLYS TF
Aol AAH D}i}%(multi—dimensional)gl Mdolm, Eoke] thokdt 7]% [ 1) vpo] Lmj 2~
A2k, i) FFEH 59 A&, HHY, o), i) AEUIAY B, iv) 2813 9 £33}

E - 7 Y %Lxﬂiﬂ o, VD) AR IEA Y AT, vi) A2 B Z5E {4k
HilS T & 7 A+ A - BH 7ihs T e A0 AR, SR, o
UAStR, 7133t Az, AE0dd RS, AuAANbZE 54 AYa o
(McBratney et al., 2014).

- UNS| A47bsR A Bt WAz A2elA BEe ARe] WEg i, AuA B,
AR ol ThE A} 71 FWE 28 5 heFet YA 20) AFFOTA AF AL

ARl ole}g wAFH, o] Tl AE/HeT A2 wHIA S Ast T3

0O ERIERE AY, 17}, AFA AdolA EFe fafdel 7]Hkgt EeA AHFHo
7Vel7] 9t A A ok $HS Ads)or sl EGRE 9FEIE oy 84
& AHdg -3 o] o]F Aokttt (McBratney et al., 2014).

o=
o

o

u)

- FA(land= B, 94, 2L A= 7AH s S A oY, EdE FA(and) o] F8
A 942N EEEY =8, 2o AR F B, A A4A, 2o B,
LE 3, WY, o5, 8133 <A AWt 7I5S BEfsfiokgitt (Lal, 2010, Koch
et al., 2013; McBratney et al., 2014).
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<38 3-79> EYQEQ AAE EHO| J|sit uety I

BRI = B OAl 7R 5421 1) S H(capability), i) Z7(condition), iii) E 2]
H(capital), iv) AF3A 299 A4 A (connectivity), v) B3} FA(codification)d] ¢
A& Aet, EG BARAES AAASE, AEEgos gastar, Az HA

< 3 1 sk= Aotk (McBratney et al., 2014).
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S T s
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s - BRAT AT
H(Codification) SBAAH) T AE Foky A%

Z+&: McBratney et al. (2014)

o Y2 FHI(Nexus Approach)e “EF - X3t} o2 wjA &R 435 AALY T
4, LAl 33 2430 33 ALY olsd WEE uHY uf, 4T dA 2 FEHH
o] Jorg tE HAMAL TIFHoE AAE HI” dok Ioke Jid (Ll
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Cultivated land

Soil management Medhanical methods
Conservation
Mulching Crop tillage
management

[
Contour Ridging Minimum [ | |
Natural Synthetic tillage . and_ tilage _and Terracing Waterways Structures
ridge tying no-till
|
High- den5|ty Multiple Cover
planting cropping cropping

Crop Strip-
rotations sropping

Z}&: El-Swaify et al,(1982)
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o

(EU, umweltbundesamt)

SOIL AWARENESS

ELSA workshops, events,
educational material

STATE OF SEALING & LAND .
Common Forum on Contaminated
TAKE . .
Land Sharing information on new

EEA CORINE Landcover, methods and policy instruments
indicator on Sealing, regarding contaminated sites
Publications

European Soil Bureau Network

soil data, modelling and

harmonisation, European soil URBAN SMS sustainable use or urban soils

data maps. CIRCUSE reduction of land take

COBRA-MAN brownfield competence
SUSTAINABLE SPATIAL DEVELOPMENT Shrink-Smart shrinking regions

TUSEC-IP PLUREL polycentric structures

GREEN CONCRETE permeable pavers

integration of soil function assessment
European Urban Knowledge Network
meetings, e-library

Foundation for the Urban Environment

conferences and publications JESSICA European urban
CABERNET events and conferences on investments
brownfield redevelopment REFINA German research on

reduction of land take
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Class

Class 1
Industrial &
Municipal Waste
Disposal Wells

Class II
Oil and Gas
Related Wells

Class III
Mining Wells

Class IV
Shallow
Hazardous and
Radioactive
Injection Wells
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[ Mineral weathering ]

Dissolution

Aeration

Plants :ycijrolgsis Temperature
Microorganisms ydration Moisture
Oxidation

pH

1

Contaminant release

Ni, Zn, As, F, U, Se, Cr, Sb, V

[
[

Aerobic/anaerobic
control
Preventing intrusion of
water and air

Bioaugmentation
Biostimulation
Clay adsorption
Fe/Mn oxide adsorption

<13 3-92> RoILH 92| o U KN K2|7|H
o 7% &
- Agg-Ass AAwed 2R BAS s AL Ashre] AGI ol §, £EA
2e B 29 A%
A 2SN Be SIS A7) A NAFEES T A4S FEwod, B
Aol A5 derFos FFHE Ve
SA3 S8 AN AESe A5 FEA G o3 FFL AL B )%
ARy Asre AAY F7%
S AHHEN AT Feo A 5 T Auues
- ASSE AEE Aole B BN AolrH A
AT B2 B ASFET SIAE A4
A5k MEA Y AR S EYA fAol mE AuAsE 48 7E A
A59 WEES AT 5 s A g 0 A A
- AFGE Wl FhEE ol WAl WE AMHHE RIS s ASET WE
Zg q9mos Aojate 1%y
shog WA WIEel whE EYA fU% 8 AvdsE BrhY A
EYA 4 AT £ YE ASET WEF Aoy A
- AR 29 AFBAC) AANEA B AAAY Dpo] kg A B A
CFEZ1AE AA Alol71% A%, t1$71E HE9X A, UsrE 44 B)



- MEE edEE Ao B He FHA7

o 7l&/Md

EUTac

=
=

7v AA e T

3

CERE

Eis

2 9

178 ZISHQJAA, 4D

J|

oF

ﬂwﬂo

J)
—

O]—/K

g

~

K

EA 58, vy, A=A, e, A

ol

A g7

Framework for Ecological Risk Assessment

A= Hecessary: Acquire Data,
erate Process, Monitor Results

E

& &

Ecological Risk Assessment

L

¥ ¥

PROBLEM FORMULATION

RISK CHARACTERIZATION

F 3

A

ZL AN N

Communicate Results to
Risk Manager

Risk Management

Planning

[Risk

orf

Rizk
kEnager

Dizlogus]

A T2 71eN e (@73 -, 2016)

A&

}‘

<28 3-93> 0|72 HENRISHIE 718

— 300 —



CRER

57

F AR AT

<)
yal

1857 AW S Be

o9 95

oo]:

E

9] 7

sl 887t Al

dES A

s

T 2d%=s 5

B/

st

g

b 2w A <lko]

g &8 3 A

37F A4 e] BAH

Ry

E¥ed A

- A 2B A% A

7F 719 4=

3

Ry

=g A9l

3}

Bt A3

a4

- FUE B AEHY

143537} 37k 71 7

3|

A )

H7F 71

SRk

| —
|

3}

7F 2 A9 AH s 7 A
7} 718 ERAE )

3

Ry

3

—3“ A

EoF gAY

=
S

EER

- R

CEEDE

oAl A

A A

o

o] AAA

2

ze)
T
W
i

)

oMM 7+

=
=

7y AA T

)

A, MFEe &8 5) ATed 17349

259 (57

87

|

NJo
T
o
o

R

o
M
A

J)

[
A

=
T

A= el

o =
= A

SF

Ao g Y AFsd 9

=
=

AA A A

=
) LN

AAAE v s F§F U EF AEr)Eo] =

7= A

s

M= EoF MRS 9

2 A% FAH e A

o]
H

- 301 —



& = Atk

B X5l e |e*ISHHR 87 ]2)

W o ES-Askr FaAbdel ARE A" 20000 2=0E, TRt %] A3tr] s o]
ol AgHAeY Astaso] =4 FUTh

- o]F AHE 37 W FEASEES A5 sl BkE 3]s A AT STs AT
2

A2 Aeree] 48 22
= 7le/iE =¥o] Z a3t

T8 vlzso] EAsts edEde] 8274 F ol FAE S Aoty Ld=d &
7

Manoparticle injection well Injection of immobile nanoparticles
rticles Immabile wﬁﬁ;:uhd
"’Hw Groundwater Now albliesh
injected wnder Well head direction m“ Irl:'tl'l“'l:l'll.m

Treated
groundwater

Injection of mobile nanoparticles
Perimeter injection points Particles carried by
growndwater fow intg
thr Ereatmaent zone,

Confining layer  yanoparticle injection at of upstream of low
poliution source to destroy or immabilise permeability

the contaminant e.g
= a2 ASed K Fot7lsel oAl

- 302 —



k3

B7H71€ N

3

SH

34 b3t AA A

- QHE3t AlA e dHA FUAE AN
_?4

]

i

37
He 34

3}

2 JEEA W
- 2912 Rer1E A g

T o B o
o o o -
o B o L
A% 23
o mK = o W =
=¥ z: gk
X 2
o) W o m.m
2 am % 7 o
nl = O
2oy oW Py F3
o g o = W £
TR AL
" N N = Nos Q
O TR Ao
" - - o o m
o woE wm Ca
Eo _dﬂ E._ = ﬂ _H_o.n_vﬂ mh
oy o o] — _ @ 38
© T E 5 G T
N5 K oo o o 3
% X o Hjo ay s
B g of - mﬁ o
I rey U
N o 9T -
) mﬂ = % % o B
®ox g u K YEE ozt
X o®oH K X L B~
A | o uM §€
W 7 H m P o 5§
B 5 T il = mhy W n O
CrU W,_ mm i B o) 1 o
~ g 0 ! ar ~ z‘:o AT o
|

<38 3-95> £=Xg| 7|= JHE
- 303 -



Clusters One dimensional

44 = 44 nm
Thire dimie o al

F&

Fl
(2

Ao Eo| T P> ele) el 2ol s1sket lujl>

<38 3-96> $X2| 7|0 HEE = =29 7|=1fe

71e/Wau &

=9 U @ A R S it B4 T2 AYdE E8UIe 2 gAY S
28d g e VIzTINles, @I Wl AAl HasEd ey FEIF e’ £oF

M F2E9 7hel=giilS A &ste] 7129 /N FUA, o, &3 ol e 3

52 97 o] gHE MUTS AT FUA B 2 AL Fa) 3
=l

7] OAQ A, 252 AR Sof ek Ba o, JASE 5 o 2 A4

Al & BIES SAsa, sdAEE 55 283 A BRGF

- 304 —



Q) EFA 4 2

2=

%32

Oh ESSEAH

I-7|
(2024~2025) (2'4)

KO

—
Tl
o
N
N
I~
i S
o &
o |
(o]
o
(o))
N’

=
(2018~2020) (3'4)

<l

—od ooom
I _EOII"J Egg_._
-r_o'_J of © ie'l
or Déio I UH R0
o ﬁ_j.:lj
wor NN
LN
(o]
(=]
(o}
ol
2|8 g
-I-o -
< & I ~N )
S © g @, 0B
~ = o~ oo N
0 + m ~ N F M
_ = 30 W ooy D
il | ISR
N A
N ﬂo 05 = | 0[0 00 K
1 K i 0lo
i W ORORT Ero o
I — = =
A
o | X KA 2
N o | H4 ¥ T F M
S N0 - % s gl
N By N AR e o
o | om ® PTG E
80 # n~ w0 ® o= K
A go o | % | X0 EE =]
o KU g = | B
N A | ow | o | 2 |
K n~ o0 o0 oT
(o} _— ol
- = OF W oW YW g
B! = o & & I u
2 fo W Yo B
Q o ~ o kb o ~
S8 g, @ 8~ W
< s T E DY
o R ow M
2 mws| o
()] — ! ®
P KK | N
o TS )
N ';zl %)
u@i 1o
N2 IR
WE =
nool
o <ol
— ~
S &
iC
K
il
Rd olo |
g~ i

- 305 —




4

or
LorHEk Brii | A o
N ELE il
n 101 K od ]JO_K_'_ oK ! = ]=J= ol
S | F o= = h 03T
I 1o|—m£‘*rzf|<rr1r§ i h S ! 600
N Ol—E'._]]H ok ) ! ~ ~ A
< o | = ~ o0 0 Ho
< 0 = — oTHo
A _'fJ oo &r oo RL R ?i_-_l_
< 3 S | oo, | T Dol
S 2 B oL | PN o=
~ oF 1[0 ™ KIr | 904 | 00 NS
= = G 5 | Wx | Mo wof
< i o = | mi=
A NG
80 K e Hmo | B
U K 4 — == | =3 J
o | o e T |20o1| 2+
o = KA o =0 | B | B
N ma o = | = s
RN _ §0 50 | b | b
@.l! E'Ru; :‘\O'TJ H N N
] 0 s | o
" 00 14 0]
= nio m . iR
o jo0 o fo-
N il 7 ~
v | 8 g
o = ok
o0 §_ a L -20_;
U of N o 2,0
o . il Tof Gl QY10
& & ~ L oS
=~ o <U__
ioF Doo| o
N _ o0ir S0
. oK H _ IH N
_c‘)_J plol o 6-TDK 4r
30 =30 | N |d R
& R 5 N oK armo | orfl %_
] I 357 N Rl | TR0 (B R
okl | H wEo, | o ol
— - O —
R’Fﬂo %’_{JD‘K ﬁ_q_(J) Sl:J_u-fo ~ ~ H
oy ek I P N
o o 0= EO@ oo gr
(o)) iy Yol __ 00© EJ? J
S oF 1y TH= IH 351 ﬁio
N N oo 2| npdo | N g
o) o0 "_ El o
Ha | = o
g'i_OI: -|§|J J
o o1 31
5! Bz {o-
N bkgo | N
N A
il
4
K
K

— 306 —




i £os
] o
WK
00X ™
i oo
_ oK o =
g 51 Kﬂ I:I'Kﬂ -(HO
~ somll & | A iy
LR N mod =
o or 0 N3
o~ XX oo B
201 800 | TO
< ooy —— io o
S cri) el | S0 5
N | = Jo | o =" - n
M 7 IR It oK :
So | oadr | oadr 2 | :
A < | Wz of = =
D : ~
on Ho 3 B o L ¥
g FillaN =1 D.K_T K = -HO
~ 10 £~ U ool T I .
~ =~ O \
T R s m e
R s S E = o K Tn I
0 < ™ T = ;
RO Ll-IEl-'EOAF:TOH s 3| 3 <4 g
B ‘50010—-.—010U'| S MELE D) LN
~ _Ob g0 ;.—srzi—r?—mﬂu e == E 1| e
g DKOAL’KDH”T_J T O Er]=]-= s ~ SIRUIIDYER I-II_I-l--||?
c 5 . oD o -
3 i) A TR KXo & qu| | qu| ™ || dm| -E
'1'0'< <0|_]_|u- <OJ|0 —Kr o NN IH S
SRR BT o BTRY = AR
Hr Q%@m W4 4 (90 = %FEEESOE =5
o |=° = | = ™ (Lﬂ? o7 | | B | 1) =
L= EwR Bu=ﬁu8”_707?“0
= (2050 = 045'_4_49‘+|<i—°°
N Vo HEE L
Q = so i 5. |&0| 55 50|20 2| ol
® < T uloI”uH"OOO*%f 7
ol L SR | W) S| | 2
4 | K o o #m %" %
1T n ol = e >
o #+ﬂo LLH S
o m : E_ . %
o
S =3 B s, LLH
3 \ 20 BD'\D“O
5 « |olruzg
ofl " ik
5 - |_|_|-|KJ|J
: - oJOFR
5 10 " ;i
: i L | wRE
5 = |TFR=
- oc0B0E
p T ey
o ﬁo 10 50
s 00 X0
00 i LLH i
2 iy
: & )
=0
?u?
nr
zl
=l
K+ o
o]

- 307 —




100
IH ar
Hr Rl
00
IH
LN
(o]
o
(o]
i i
KI il n
x| ® il
N =) < n
& oF ~ o
= ~ — Jo
4 rd = =
Z1 r = —
2 IR 5| &
= 2| = El ra
o S s ok o —| @
o 7 = E] oy B
N ud | = ]
ar s 0 o W
=3 = A oK
= - a8 50 Br 10
oK I oK el .
i i =0 oK < &
N - . _
o~ pal _Q_J _K|_ .,rljj = ‘TOIT oK H
o — K2 0 o K ol
T = K
N (. = | g i’y X0
Ofu @ oo - o R <
~ Kr = M & 0 | -
- IR BB X ow| owm IR N T
o0 {0 50 _ - | Bl %0 H
[ l|-|'| — Ly~ ol < 20 —
Q ofu 80— | o0 T | do~ W
N = o |l g x| RY <
oF o1 B =R K
o oK K ! A goél =
— Y - 30 O 2| RO
g ‘O'<—| Ho oK o T~ % ol
N = > | 0 = ol S z|
00 RO g 50 00 . ™~
i o o | M g0 | A
= | _H 0 o . el
nr | oK2 J Iy = =
()] - zfl e oF 5
=) RIT = Ik
Q M= K - =
R oK 53 s
RUTT ’Lq ol P n0ZZ
ot o0 | NN o
N W E= 50
oL° N <
0! Ol zr= ol
S ol Jjo Rizo ™ 23
8 00 = =3
o 0000 s
Ar W &r 00
K 3 UH
il
R E}
R iof
K+

— 308 —




Rl o3l
o= e
=} %J*O]] QJ%KH'
r &0%0 00T+
LH 100 ol
LN
(o]
o
(o]
80
< oH 80
(o]
S | 5 o
oK
K | om
| _, | K
. oK -
ujo | =
X BT E
o o | =
~ R | o
S | R | o
<A | =y
m N
~Nd =
on . m}
N g | 8|7
S oh | — Ho
N ol Mo
W =
1 o
ol
<| i)
— Y| KO
S E I
(o] ~ _rLE
04
r
zl
= olo
g T
1ol
T
S - 3]
b =<0
mr 9,5 SO0
S| B =m N
R [ o Tk
oT Il
ulo ROBr =
o)
O
S o)
o a)
(9] (V)
z
5
r
4 olo
K Rr
KF

- 309 —




=

2

) =

(b A8 7

b
o
(2024~2025) (2'4)

—
Tl
o
N
N
I~
i S
o &
o |
(o]
o
(o))
N’

=
(2018~2020) (3'4)

ol

oF K
u_
o o

A 2

3
A

|

o of

Blj
P atel x|

K|St MEfAH|A AH 78 =

T oK
4 205 aklo
o S& o0
KTko 10 N0
< R
LN
g —
ru
gl
=
< oK
S ol
N <
- oo
- o
EN el —
—_— _
" R oS 7
g ||| & o & G
(o] f OH ﬁ <|_
= S oK
w _‘K L o [m]
20 T M
om | ®o W
~ ki1 - ™ L2
N ol 0 oj B 3+
& s R X | m  B
= K
e Kr g N
£0) ]I @l | ol Bl
K ¢ B JeF K
= = {0l ol
- | |2 B Koopmm o wE
S Kl = M o
{ ﬁ’ © = o
o K E_
® - N no
- F % H o= o M
o Rl w0 = =7 —
(o] Ny K _I'E o <|_
o 70 Rl ru N e
= v QW _ =0 Bl 10
& wS o | E K
B« W B
=< ROE Ao Kio K 0 —
ol o= K =l
i oF” —y— =
= E.,K_'O - ol oKl b 1
S oz © J 0 = KO <
i oflm =0 K=
mL M 8o/l E = oK
A of 0 =
=l Pl ~NO _
pR ol K
=2 K RO o
o <|_ = =i o
~N o) -L<|-| Joi! Tl
3 Klo 1ok
K N
r
M olo ~NO
rd Rr K
KF

- 310 —




K K
- o -
H N P
3 M
LN
(o]
o
(q]
<
(o]
o
(o]
p
il =
D [—
- T
ol = 3l
o IIO _ :‘<—
S — K orl
i olo — o
N ue o K+ |
= () K: K
G+ =K 21 | L& My
5| - 2| | ™ X0
© T 1] ol il
<o R | N ar g.gm
N - Bl ﬂ =l o
& oF G| B W IR =
i _ NY ujo oK ~ S
e M= N
m om iE g
<+ S " R St
- o T 1 fo- = 31 ~
N K [rig K < 80 <l o oy
o N =0 A < of
N o m . o ) oy
i Keoo= & i@ @ N
M o = o o gl
= | KK | R =
_ A+ B B
o wE oK o M
I oEH KKl 0l ofu
S| — = > i EElEI
= = 1
~
~ <k Ljo - T
ol K Ql
o<k ulo = 1ol o
et R R0 BX
g | o foj oF mtﬁo 1 N
oF =< K400 N
R lwk o - A
H ol >3 _, oS i
Hg o8 - Ko™ o
o= o 80 o BKE 2R
Kr = o K .|_<')'_J_Km ook
M <t 2
0 od__ ofu ERRG| L= |
S | m= oo o=
N1 o X Ko
IH or K
o= ar
r
R B )
R iof iof
K+

- 311 —




A
Rl
I+ {fFrd
o <HA
16 ©
K
LN
(o]
o
(q]
<
(o]
o
(o]
o
(o]
o
(o]
Kir
|'|_
N AT
= Hl
ol
‘Toh'l (e}
NO Ar
= o1
— N of
N )
N nr ulo
I )
E |
= 1l Tn
Q| 20 d R
g ki Kr "'B_EI
of MK
un o7
{F L2 [
e o _
ol ol oK
S | . RO
Q| oK p1 M
- ll_HrO &
= I
o < m
00 Kl_ N
pat 1
& o W
oo 9
40
r
&
)
K+

- 312 —



o] A4

2

CIRE EIEDIE:

O ES&BAH

B3 FGolM =

CESR

- ESHA, TE

117D — (gt A=at

45

s
S

2

@ Astr#733

A

3 A=

FORE EIt

o A3

/\o]-

e Asts A HNE @

A
zh

N

%

o

S
R

FE 39 999 An= Yehl: d4Gtate)

b= o] g414

)

), 1) A

g, vi) A<, vi)

oo
[¢}

A=

D 71$xs 7}

, Vi) 3}

= X E
LU = |

s

Ay

t= 4 3H7]

S

feke], A

1o

JEfA 2, AT

SOl A

5

(Response) .2 A

2

!

V7 A B2

-
_ﬂ_

al
JJJ
"

ofo

’

bkl ol

2] &

T
gron!

:AL

)l
~

o
zel

Y

o

&

ﬁo
B

K

- 313 —



3-3. Y A3 QoF

st LI 2L DS ECERE R RS
of XFHo] glof Epe] AEA B 2 welo] RgakA aka Aok

l’N

E deta, EFEAL HAe fste] Ldd BEde F3ske & EGS A
e - BAgomA BE IHlo] st HAT e vE g A FE FFHo= 7
7 3 BAES oy, dARE B AR EFAEAY B o, s g
sol AAH JA Fe T BEY B 7eS FAs] A% EFYEA B Add
=7kl AAARJ] AL AJYEHIL UAA &

o $Euete] AserE Bl £4e glo] AA ouMU A AT F Ax, AEHL
A @ ) Aol golstel, £FE MwH Fratel AgAT T B4 8 A4Sl of
) ZFW T 7120l AV WIS Agol Jbaty] MEel, A AAHOR F
AL AL/ WA o Aol B Soln: §3e 874 L Aol @Y
AU HORE ASe] eAYAS} fAdBee) B ol2E dol WA U

(e]4 =, 2007).

- B3} Ao st eujAote] AAES Leiste] Ase naz we 2 AA el
wAfo] glojokgiey.

199349 AR AspEe 20 Ase SR Bel @ AL, A Sl 27ko] i
BYOoE 22 A5 FALY FRwe % AL % o) fo BAE A% FH 2P

FaL low, e ZAR &8 FA7|E0 X]‘?SP—’F‘?S A7 o1 A7 X]‘?SP—’FOH d
o= X S



4
N
2
f
0
&
Ac)
-
4
o
111
N
iz
il
ol
N
™
ol
S !
-
I
I
rJ
N\
ol
il
q
s
e
%

£ S At BE E%ﬁ‘r 2 sy 7k F=doF it

EGE gl tid olsi= E-d<

3 o4 AAFEE s P2akn Aok

o EUHHA AT} el e B HAE olsﬁs}ﬂ A A, o1& FAT A
3 b

- df\lﬂMW *ﬂﬁ]x—, A B 7% Astoln(Lal, 2010), o213 RS EYFAS

i
o2
riot
o
fz
=
L
o
o 4
O
o
fu}

o
9, e wol tia TARA A Pe) Bo] vj@Holo} wt

o Syl A EFAEUNAE EAdsta AElstr] A3t o] FHEI o]PH7] HsiA =
EXS 7% A= BEFY Al ti§ oldl= ol (Wolters, 2001), E el A
o] AHI=E AFstal e EFAETI ] #43 7e = oldsts Aol Basit

o EFAGe] 7% AEAAN 2, OECD 7oA Fastn Qe EFAss 4744
s B3 ¥ Seluet HARE EFASs BFPRoE A

= ARe AY st wEAAL, olF Fal v EFAN: $471% A
% o 4

Arol72 AT ZEWS FYd)

ks J::

WE, AN B AT, T EFASFFEEEY A
S - w A, FU ERASER AdAzetE EHsC

o HMET 7 F QAT EFARS 297 o@RA el A 19809 HH B
How AQEon, EdAsre 7 thabe ANz BAR AEE 1990
Ao 25E Uehdr] AdstEd ols H2FESe] B % A Asse nd

2 2] A Eoke] Fe AEA Al
ojs)=|ofo} Fie}.

mlm
f
=y
o
k]
ns)
Au)
ol
rlr
o
12
o
u
4
jink)
i,
kl

— 315 —



o 20008t o] vehr] AR WA~ HZNexus approach)d 201413 UNol A = &gk

24715 71 F3E(SDG, Sustainable Development Goals)olls By} th2 73 219l 3}9]
a2, YeAAM R 20} ARAQ] 1, AT B Ao R Fad dEstal
o] ZAxHAom, 53] B AN 2E BAst7] 98te] SDG 197} HxoA &
Fo RS 2, Aoz dAA st AAstaL ATt

oo lo r

- Lal et al.(2015)ol A AAITFAL A= EFL] FAd 2~ HZ(Nexus approach)iﬂr UN SDG+= 7| &
Halo) o3t B¢k A #e, EXY A A 9 Az, A&7t A Ay A o) g, EY

ol A1 9 H}Olgﬂﬁié‘ﬂ Oﬂ@ﬂ NUA 58, 71 FUEE A81517] % Bao] 23 o)

ol

° A1FARF BEANE AU 2UEE EGA 09, I AA. U, 24 97
2 %3 T Qe gAY Aev YUAMAE BT
Beal7] A EFEASEY A%, AHAANIAE AT AN $Fnm glom,
Fol A&7bsd ALL 98] EFASSE BEA BAsor @ 7 Fad a4 o

AYs 13T o, EGAS T AA} v AR =S A3 ¢HE Ade]l =
9] =) ojoF &H(EU, 2015; Koch et al., 2013; Ledbetter, 2015; McBratney et al., 2014), ©]
+ UN9] SDGolA AAet A= “Z L=l E"‘Ex]o}TA 7153 A A A H] 2
BAE Ao AR/ A&7bed MEa i AFY w7t 28 A" 4 22 9
golth

o 15t et EO‘EX]o} AR AL ANAGFA, AR ARAA =, T
=

BAe) B” & oty 918
Sapols EdAEAe B B, s gy

- A2 BARE EPEAY B4 V152 FAN 98 CEERY SAY FAY’ &
FYstgon, BE] dFEHS FUY & Y B, YDA 5 A P
e BEFAS PAN] 9okl EESRGFHIE 016A%E AWt A2
A=, AT EF AUA AHE 7)5e RAST A% EFBAel ol g Faol
AAHD Y 5 2R AUMAANZ BA D A&7 ol o thd drielzh et

— 316 —



AL o, obAAA BSF 29 7ee RIS A EGEA ol #ddE 57t

AAAQA 22 ARYEHIL JA ot

- H&of 23t eyl FH3 & BEGFASE L98A 2 oA Te A AL
=

A3l TFAZ005), FEHA F-3H20000 = FAHA st o, 20119-S FH o
2 BEFAE dAl e FAO o] BEAsEE o Aol Febste Zeid

AR o] st

2o Seue BAe EF - ASFBANA Y AT 75 o) fo] ZHoA, Bk -
AstrBA e At o AWRUY 29 I SoRvE EF - A5ra @

o 28& T AMeY, B - Askre] 7o ABAA R 2E BAdsto] A7bskal A

- BEoF - A|Eho) m A= &Y, 53] g2 jAele] A3} A o =EEE dHE E9]
= koA EoF - A sl M o] HZ (Nexus approach)S AAetGa, HEaA Fre 5
AE ES - A4 #d 7z tist Ho 9 He], EFAAE =&3t] ES - Ak

AL, i) A AR A, BESAEBAC vd 5 e AA A &3 fsil tiE 34,
7hFedt AA R 8l ASH B dfael Todske A

- 317 —



o

e

4 =2

A

bt 71

S

AYe F47E TR

— 318 —



K

oy

e

1%

7] 94

=
K3

N

73743

W
A

R

§ ola) e B

&

S LR

k5

2 %

o, 2) 7€ EY

RSB el

& =Y

R

o
N2ls| s | s
K
H -
0L
|l r__u — —
H a
or
ﬂ — o o
RTS = | =
<
ﬂ m.w o o o
Ko =X | S| S S
I_ﬁl W\ — — —
=3
= e e
HE | X E
T T
2 Fore
= £3 £3
= < .
X0 T K "o mK
H M oM
m“ﬁ % i % i
= ) )
0 ~ XK X
w |
H_I 70 T
T N
o
—~ —
< <
— 1 1
R o
8l "o K
— N

- 319 —



o olzie]

T

brol e A el A EA A
o iy Bz

o]

N

75_]

EoF)

L

b 844

S

dof ¥ mekA

E

R

U 9 5ol A7 OECD 7oA

s et A

gl uEtel A

o
o

F

o 7]E
ZIHEo 2

o, B A oA

o]

o
=
o

__OU
B
ol
xr
il

!

K
wK

+

oy
’A

o

ﬁo
B
¢

—_
o

I Zeatd FEe A2 At

]

7

737 =

5 3

EoFA 5

1

T

o}

9

o WA B ATNA AA

—
o

Abgd el

H

Z_]

A o) D A B
b Ropel A

°©

}

°©
yal

e A o] Zled 5 ok

9

w71 B - A
o] Aol 7]of) B - A

=

tH, D 7] 3o B3 sy 7]

T Hope] wE(A

S

3
Fel 7o) & HA
!

7}53
(43
120+
1&3, 8744, AAF, 2495

[e)
H

=

o

- 320 —



6. Ao st of2lutelr|=d

o EC/JRCUoint Research Centre). 2015. European Soil Portal-Soil Data and Information

Systems.
http://eusoils.jrc.ec.europa.eu/ESDB_Archive/pesera/pesera_download.html.

o EC/JRC European Soil Data Centre. 2011-2012. European Environment Information and
Observation Network (EIO-NET). EEA and JRC Press.

o ICSU, ISSC (nternational Council for Science, International Social Science Council) 2015.
Review of the Sustainable Development Goals: The Science Perspective. Paris:

International Council for Science (ICSU).

o Kurian, M and Ardakanian, R. (eds) 2015. Governing the Nexus Water, Soil and Waste
Resources Considering Global Change. United Nations University (UNU-FLORES)
Dresden, Germany. 230p.

o McBratney, A., Field, D., and Koch, A. 2014. The dimensions of soil security. Geoderma
213:203-213.

o0 Montanarella, L. and Alva, 1. L. 2015. Putting soils on the agenda: the three Rio
Conventions and the post-2015 development agenda. Current Opinion in Environmental
Sustainability 2015, 15:41-48.

o AFES(L’Association Francaise pour 1’ Etude du Sol), INRA(nstitut national de la
recherche agronomique), and INERIS(L'Institut National de I'Environnement Industriel et
des Risques), 2016, The 2nd Global Soil Security Conference. Paris, 2016: Abstract and

documents related to oral presentations and posters.

- 321 —



ro
ujo
ol
on

ol
I

—_

100

uo
o

Woj| 02 e

9. AFHE TN =

olo
]

-

o BiFAr

ux

10. A
A7l 2 atd|e] cHEX A+t

olo
I

—_

o AR

(=1,
S

11. 7|E}A}

ol
I

—_

100

uo
o

- 322 —



SEA

ot

o0

=%k 2016. OECD =22 X|3}

|
il

ke

~
O

2, L. 2005. H

EaS
o

1

-
(@]

Hal O[3t

-
o
e

A, 2009. 7|

EREey

=

. 2009. K|+

S| X| 14(3):68-79.

89

2

R[S} EYS

. 2016, OECD 2= X3}

Jod

ol

Jo!

—_

._|m._
EN

X| 10(1):47-58.

E

|X| 14(4):63-76.

o1

B3t

284, 2016. OECD FQ= X|&}

KO

VS

X F=E-SE2|EArets| 20144

>~
ot

=2 0.

SESEel

CHz| Xt= 8. pp. 227-228

o
Tor
=
O
ot
il

N

81

—_

._|m_
EL

O|&0f

u]]
x

(2012~2021).

ZES|UE. 2011, 20114 ZEO| AH|Z
IES|YL. 2012, K|Bl4H2|7| 27

k=)
2|

N

22|y of

Qo

Ot A}

. 2010. X|

=

H1AM 2010-04.

oF
o

|. 2002. EYR

3
APrEH A RE-07.

, H0IE, Fxi2l, of

by
L eMd S Xl 0l

=

Y

23}

|. 2003. EY L EX|HO

(=)
G EIAM RE-13.

oF
o

)
Of. 2012, EQFHEfA Q| X[&

I

89}, %

<
o

=13
=

MMET 2012-10.

QF
o

SR, Hi0jE. 2014, H|12X} H=Cf

4

-
O
—

, B0

— 323 —



FAEE2] JhZ S =H|
2016. 0|21} EUS| MA X|SHK2X|

A1 v.16, no.l, pp. 95-123.

ol
Bl

SH.

=13
=

7| SAI—AL

0
<0

I

o

B

71t
. 2012.7X| QO L4 K| K+, 7|

AL O
S

A=

IH
il

F

M oLt

2 F3E. 2000. HFE SFX|HO| X5t Fa=t0f O

\¢

Vi
O

o
e

|X| 9(3):253-259.

23t

104
ol
_Ih_
N0}

I

t

Ef=y, 2016.

4

gt

B

B~
ot

o
s

[

opl

o7

7t
=
o

Qo

F= At

-
o

. 2007. K|

O] =7}

s
ol

81

_

10

=
10
X

B!

ojru

. 2007. K|St

o =
L =

O|Zl1-&. 2016. OECD F8= X|g}

|7C-|
o

0]

AE 2015 IR HZEA Y

2

EMET

HEXt

AT 2015.

_1

Az

USIAME]. GAIA EEX}

E

)

E}
=

H

. 2017. http://pyoto.araon.org/(

C
[

ot

@

l

A
Ab. 2014, T2013 X|SlZAIEE

Mo

At

4

oy

=238

oy

=l
2!,

e GYR7IS7H ALY 2T 7

-
o

2012. EYX|

29|
==

A7

=&l 2014.

A7)
A7)
A7)

=l
2!,

e EYR7|IE7H2ANY 3TA 7

-
o

2015. EYX|

.

A O
=

27|27/ HEAY AFR 7=l

7

hy

2

2015. X|&

.

A O
=

2. 2016. E

A O
=

8l
o

- 324 -



22 E E (Brownfields)ZX|.

1|

2ot S&.. p.177

3

|
—

A
T

P

-
(@)

gk ohEE 2015, TX|

o

—_ e e e e e e

LT

100
LHo
oK

—

Jof0
Bl

on

=

= =0 7I&7

-
(o]

2008.12. E-X|
. 2009. EYHEHET|2A

(2010~2019).

|

=)

10
Bl

7

=
2!,

PNE=S

=x

[m]

x| 2 Op2
ERIEE::

H
o

o] O Al
x T =2

QAKX 7| =IH LAY 2THA AT
. 2013. 2013 E EQFX|SHQ QIHIX| 7| SN ALY KFR|T7HE LA,

A
T

45 2013. 20135 2IFA LI LAF

22012, EQ-X|3}

—_ e e e e

X1(2012).

=X

4H

RO

&}

2013.

-

RO
ol

il
=

alo
’r

Eill

X

272 (LID)7|

JHAl A

A1(2013).

T

=X

4H

0]
Joid

b

2014.

IF
T0
joid

2015. H|IH YRl ALO|E, https://nonpoint.me.go.kr/main.do

=8

8

F

=
—

X1(2014).

=X

4H

0]
Joi

b

2015.

IF
T0
joid

=3

A 11461
QFLX| 7| =/ EALE
)
— 325 —

=
=

EH
=

]

EE fS ZLEHZ HA 2

2|7 =A

3
[

o
741

=
o

F

A
T
—

AAENR

4 5. 2015. E-X|S}

siZ4= 2016, K2kt 2%

(=]



_—

. 2017. BHAHEA(2016).

AL 2009. F|2009-101%, EMEYQLF | ChA A|do| ELQAHHXAL Gl 2
Egol Eatgy S0 gtet 1AL

HEXLE. 2008. 9. BEF-FT TAAE EX|ot He] BFEE HZ
HEXE. 2010211 AFATHK| AZ K| 4.6% EYLALI|F X1}

S. 2009. Mt EYo| Ags 2ot MEtx EX|O|EA 2 +EYH). et=2dy
R 7HI L2l 2009-11.

riot riot

_—

ox oM
4I 4

ne 4o 4o

ok riok riot
0 o OX

ru|o

xH

g Q. 2013. TX|HE=-X|ot 2o HFHH & 22T A, St=2tF M -FIHA
T

Al 2. 2014. T3 X|St=o| At 2EH VI =S fIet 7| x2AF,, oh=aetEE
M- FHIH T, 48p.

ded olda #H¢el Oldsw. 2011 "X[ot &5 AENA M| X[5l+ 75 X LE=H
s pda”, x|&stg|X| 47(3), p.309-321.

YTN. 2011.3.24. T+HS 23 &g ¢4ul

[=2|Z2]

ATSDR, 2007, 2007 CERCLA Priority List of Hazardous Substances That Will Be the Subject
of Toxicological Profiles and Support Document.

Altieri, A. and Letourneau, D. K, 1982, Vegetation management and biological control in
agorecosystems. Crop Protection 1 405-430.

Anisimov, O. A. et al., 2007, Uncertainties in gridded air temperature fields and their effect
on predictive active layer modeling. Journal of Geophysical Research. 112, F02S14,
doi:10.1029/2006JF000593.

Artmann, M., 2014, Assessment of Soil Sealing Management Responses, Strategies, and
Targets Toward Ecologically Sustainable Urban Land Use Management. AMBIO
43:530-541.

Bardgett, R. D. et al.,, 2001, The influence of soil biodiversity on hydrological pathways and
the transfer of materials between terrestrial and aquatic ecosystems. Ecosystems.
4(5):421-429.

Bardos, R. P., Damigos E., Goubier R. et al., 1994, Waste 92 Area IX; Survey of EU Member
States: Contaminated Land : Definitions, Registers and Priorities of Action, AEA
Technology, National Environmental Technology Centre. Oxfordshire, UK.

Batubara, B., O. Batelaan and P. Quevauviller, 2014, Science-policy Interfacing on the Issue
of Groundwater and Groundwater-dependent Ecosystems in Europe: Implications for

— 326 —



Research and Policy.

Bellamy, P. H. et al, 2005, Carbon losses from all soils across England and Wasles
1978-2003. Nature 437:245-248.

Berntson, G. M. and F.A. Bazzaz, 1997, Nitrogen cycling in microcosms of yellow birch
exposed to elevated CO2: Simultaneous positive and negative below-ground
feedbacks”. Global Change Biology 3(3):247-258.

Business Round Table, 1993, Comparison of Superfund with Programs in Other Countries.
Washington, DC. 117pp.

Blanchart, E. et al, 2004, Effects of tropical endogeic earthworms on soil erosion”.
Agriculture Ecosystems & Environment. 104(2):303-315.

Blum, W. E. H., 1993, Soil Protection Concept of the Council of Europe and Integrated Soil
Research, in H. J. P. Eijsackers and T. Hamer (eds.), Integrated Soil and Sediment
Research: A basis for Proper Protection, Soil and Environment, Vol. 1. Dordrecht:
Kluwer Academic Publishers, pp. 37-47.

BMLFUW (Federal Ministry of Agriculture, Forestry, Environment and Water Management).
2002, Die Osterreichische Strategie zur Nachhaltigen Entwicklung Eine Initiative der
Bundesregierung (The Austrian Strategy for Sustainable Development — An Initiative
of the Federal Government).

BMLFUW, 2007 & 2009. Monitoring Nachhaltiger Entwicklung in Osterreich-MONE
(Monitoring Sustainable Development in Austria). http://www.nachhaltigkeit.at/

BMLFUW, 2008, (Bau)Land in Sicht. Gute Grinde zur Verwertung industrieller und
Gewerblicher Brachflachen (Land for Building in Sight — Good reasons to reuse
industrial  and  commercial  brownfields).  http://gpool.lfrz.at/gpool/main.cg
i?rq=ed&etid=38&eid =10518&0id=229&th=1.

BMLFUW, 2011, Austrian Strategy for Sustainable Development.

Bradley, I et al, 2005. Impacts of climate change on soil functions. DEFRA Project SP0538.

British Waterways, 2008, Consultation response. http://www.wellcome.ac.uk/About-us/
Policy/Consultation-responses/index.htm.

CCICED Reports of Task Force Team, 2010, CCICED(China Council for International
Cooperation on Environment and Development) Special Policy Study Report:
Developing policies for soil environmental protection in China. CCICED 2010 Annual
General Meeting November 10-12, 2010.

Crumbling, D. M., 2004, Summary of the Triad approach. U.S. Environmental Protection
Agency Office of Superfund Remediation and Technology Innovation.

CEC (Commission of the European Communities), 1992. CORINE project.

- 327 —



Cerda, A. and M.F. Jurgensen., 2008, The influence of ants on soil and water losses from
an orange orchard in eastern Spain. Journal of Applied Entomology 132(4):306-314.

China, 2016. Wikipedia. https://en.wikipedia.org/wiki/China.

Christine, C. and Weigelt, J., 2015, SOIL ATLAS Facts and figures about earth, land and
fields. Joint Pub of Heinrich Boll Foundation, Berlin, Germany, and the Institute for
Advanced Sustainability Studies Potsdam, Germany.

Coonan, C. 9 November 2007, "The gathering sandstorm: Encroaching desert, missing
water". The Independent. Archived from the original on 24 April 2008. Retrieved 23
July 2014.

Costanza, R, dArge, R, de Groot, R, Farber, S, Grasson, M., Hannon, B., Limburg, K,
Naeem, S., Oneill, RV, Paruelo, J., Raskin, R.G. Sutton, P., van den Belt, M., 1997,
The value of the world's ecosystem services and natural capital. Nature 387, 253-
260.

Council of Europe, 1972, European Soil Charter. Committee of Ministers.

Crumbling, D. M., 2004, Summary of the Triad approach. U.S. Environmental Protection
Agency Office of Superfund Remediation and Technology Innovation.

Decaens, T. et al, 2006, The values of soil animals for conservation biology. European
Journal of Soil Biology. 42:523-S38.

DEFRA, 2006, Assessing risks from land contamination-A Proportionate Approach.. Soil
Guidance Values: the Way Forward.

DEFRA, 2009, Safeguarding our Soils A Strategy for England. http://archive.defra.gov.uk/
environment/quality/land/soil/documents/soil-strategy.pdf.

DEFRA, 2009, Construction Code of Practice for the Sustainable Use of Soils on
Construction  Sites.  http://www.defra.gov.uk/publications/files/pb13298-code-of-
practice-090910.pdf.

DEFRA, 2009, Soil strategy for england supporting evidence paper.

DEFRA, 2009, Safeguarding out soils A Strategy for England. http://defraweb/
environment/land/soil/index.htm

DERFA, 2010, Contaminated Land Remediation. UK DEFRA.

DEFRA, 2011, Guidelines for environmental risk assessment and management. Green Leaves
III. UK DEFRA.

DEFRA, 2015. https://www.gov.uk/government/organisations/department-for-environment
-food-rural-affairs.

DE REGIO, 2011, Comparable statistical data. http://ec.europa.eu/regional_policy/
activity/urban/audit/index_en.cfm.

— 328 —



Deumlich, D., 1995, Landschaftsindikator Bodenerosion, in: Bork, H.-R., Dalchow, C., Kachele,
H., Piorr, H. P, Wenkel, K.-O. Agrarlandschaftswandel in Nordost-Deutschland unter
veranderten Rahmenbedingungen: o6kologische und ©konomische Konsequenzen,
Berlin, p241-263.

Dupius, J and Knoepfel, P., 2015, The Politics of Contaminated Sites Management. Springer.

Dubrovsky, N.M., Burow, KR, Clark, G.M., Gronberg, J.M., Hamilton P.A,, Hitt, KJ., Mueller,
D.K, Munn, M.D., Nolan, B.T., Puckett, LJ, Rupert, M.G,, Short, T.M., Spahr, N.E,
Sprague, LA, and Wilber, W.G,, 2010, The quality of our Nation's waters—Nutrients
in the Nation's streams and groundwater, 1992-2004: U.S. Geological Survey Circular
1350.

EA (Environment Agency), 2004, The State of Soils in England and Wales.
http://www.adlib.ac.uk/resources/000/030/045/stateofsoils_775492.pdf.

EA, 2007, The Total External Environmental Costs and Benefits of Agriculture in the UK.
http://www.environment-agency.gov.uk/static/documents/Resea.

EA, 2007, Dealing with contaminated land in England and Wales.

EA, 2007, Using Science to creat a better place. Design and operation of a UK sall
monitoring network. Science Report-SC060073. Environment Agency Publication. Rio
House, Waterside Drive, Aztec West, Almondsbury, Bristol, BS32 4UD.

EA, 2009.1., Dealing with contaminated land in England and Wales.

EBI(Environmental Business International). 2015. Environment market data

EC (European Commission), 1992, Directive 92/43/EEC, The conservation of natural habitats
and of wild fauna and flora.

EC, 2002, Communication from the Commission to the Council, the European Parliament,
the economic and social committee and the committee of the regions. Towards a
Thematic Strategy for Soil Protection. Brussels, 16.4.2002. COM(2002) 179 final.

EC, 2004, Directive 2004/35/CE, Environmental liability with regard to the prevention and
remedying of environmental damage.

EC, 2006, Soil protection: The story behind the Strategy. Luxembourg: Office for Official
Publications of the European Communities.

EC, 2006, Communication from the Commission to the Council, the European Parliament,
the European economic and social committee and the committee of the regions.
Thematic Strategy for Soil Protection. Impact assessment of the thematic strategy on
soil protection {COM(2006)231 final} {SEC(2006)1165}.

EC, 2007, Environment fact sheet: Soil protection-a new policy for the EU. European
Commission.

- 329 —



EC, 2008, Groundwater Protection in Europe: the new groundwater directive-consolidating
the EU regulatory framework.

EC, 2011, WFD(2000/60/EC) Technical report No.6: Technical report on groundwater
dependent terrestrial ecosystems.

EC, 2011, Communication from the Commission to the European Parliament, The Council,
The European Economic and Social Committee and the Committee of the Regions.
Roadmap to a Resource Efficient Europe. Brussels, 12.4.2012. SWD(2012).

EC, 2012, Commission staff working document. Guidelines on best practice to limit,
mitigate or compensate soil sealing. Brussels, 12.4.2012 SWD(2012) 101 final.

EC, 2015, Technical report on groundwater associated aquatic ecosystems.

EC, 2016, The Nitrates Directive.
http://ec.europa.eu/environment/water/water-nitrates/index_en.html.

EC DG ENV, 2006, Study on Eco-industry, its size, employment, perspectives and barriers
to growth in an enlarged EU, Final report.

EC DG ENV, 2012, The European Soil Data Centre: a one-stop-shop for soil science. Science
for Environmental Policy-DG Environment News Alert Service. European Commission
DG ENV News Alert Issue 272 (9 February 2012).

EC DG REGIO, 2011, Cities of tomorrow-Challenges, visions, ways forward.
Directorate-General for Regional Policy, European Commission, Luxembourg:
Publications Office of the European Union. 112 pp.
http://ec.europa.eu/regional_policy/conferences/citiesoftomorrow/index_en.cfm.

EC/JRC (Joint Research Centre), 2015, European Soil Portal-Soil Data and Information
Systems. http://eusoils.jrc.ec.europa.eu/ESDB_Archive/pesera/pesera_download.html.

EC/JRC European Soil Data Centre, 2011-2012, European Environment Information and
Observation Network (EIO-NET). EEA and JRC Press.

EEA (European Environment Agency), 2000. 06., Management of contaminated sites in
Western Europe.

EEA, 2007, Europe's Environment The 4th Assessment.
http://www.nuigalway.ie/administration_services/buildings_office/documents/eea_far_
fourth_assessment_report_2007.pdf.

EEA, 2010, The European environment-state and outlook 2010: Assessment on global
megatrends. European Environment Agency, Copenhagen.

EEA, 2010,SOER (The European Environment State and Outlook) 2010 Soil. EEA and JRC
Press.

EEA, 2013, Environmental indicator report 2013-Natural resources and human well-being in

- 330 —



a green economy, European Environment Agency, Copenhagen, Denmark.

EEA, 2013, Land take (CSI 014/LSI 001)-Assessment. http://www.eea.europa.eu/
dataand-maps/indicators/land-take-2/assessment-2.

EEA, 2015, CORINE (Coordination of information on the environment) Project.
http://www.eea.europa.eu/publications/CORO-landcover.

EEA, 2015, SOER (The European environment-state and outlook) 2015: Synthesis report,
European Environment Agency, Copenhagen. p59-60. European Environment
Agency, Copenhagen.

EEA Directive 2004/35/CE, Environmental liability with regard to the prevention and
remedying of environmental damage.

EEA Directive 92/43/EEC, The conservation of natural habitats and of wild fauna and flora.

End, A. and Berger, G, 2014, The 7th Environment Action Programme: Reflections on
sustainable development and environmental policy integration. ESDN Quarterly
Report N°32. European Sustainable Development Network.

Environmental Business International Inc., 2009, San Diego, Calif.

Environmental Business International Inc, 2010, EBI REPORT 2020-THE U.S. Environmental
Industry & Global Market.

EPA (Environmental Protection Agency), 1992, Superfund at Work: Valley of the Drums
Cleanup : A Superfund Benchmark (EPA 520/F-92-006). Washington D.C.. Office of
Solid Waste and Emergency Response.

EPA, 2008a. Annual Report to Congress FY 2004.

EPA, 2008b. Reducing urban heat islands. Compendium of strategies. Chapter 2: Trees and
vegetation. http://www.epa.gov/heatisland/resources/compendium.htm.

EPA, 2010, Superfund Green Remediation Strategy.

EPA, 2010, Superfund Remedy Report 13th Edition.

EPA, 2011, FY 2011 EPA Budget in Brief.

EPA, 2011, EPA Launches New Strategy to Promote Use of Green Infrastructure for
Environmental and Economic Benefits. Press release 29.04.2011.

ERDF Regulation, 2006, Regulation (EC) No 1080/2006 of the European Parliament and of
the Council of 5 July 2006 on the European Regional Development Fund and
repealing Regulation (EC) No 1783/1999.

ESDAC (European Soil Data Centre), 2016a. Soil Susceptibility to Compaction.
http://eusoils.jrc.ec.europa.eu/themes/soil-susceptibility-compaction.

ESDAC, 2016, Soil Sealing. http://eusoils.jrc.ec.europa.eu/themes/soil-sealing.

ESDAC, 2016, Erosion. http://eusoils.jrc.ec.europa.eu/themes/erosion.

— 331 —



ESDAC, 2016, European Soil Portal. http://eusoils.jrc.ec.europa.eu.

ESDAC, 2016, Soil Contamination http://eusoils.jrc.ec.europa.eu/themes/soil-contamination

EUSQILS, 2015, http://eusoils.jrc.ec.europa.eu.

EU, 2009, Soils Policy: EU Soil Thematic Strategy.

EU, 2012, SuPerBuildings and OPEN HOUSE. http://cic.vtt.fi/superbuildings/node/2 and
http://www.openhouse-fp7.eu/.

EU, 2013, Decision No 1386/2013/EU of the European Parliament and of the Council of 20
November 2013 on a General Union Environment Action Programme to 2020 Living
well, within the limits of our planet, OJ L 354, 20.12.2013, p171-200.

EU, 2013, Nitrate Directive ANNEX 4.

EUROSTAT, 2010. Road Transport Infrastructure http://epp.eurostat.ec.europa.eu/portal/
page/portal/statistics/search_database

Evans, R. 1996. Soil Erosion and its Impact in England and Wales. Friends of the Earth Trust,
London.

EPA, http://www.epa.gov/brownfields/about.htm.

FRTR, https://frtr.gov/matrix2/top_page.html.

FAO (Food and Agriculture Organization of the United Nations), 1982. World soil charter.

Federal Government, 2012. National Sustainable Development Strategy 2012 Progress
Report. Federal Government 11044 Berlin.

Federal Institute for Geosciences and Natural Resources, 2017. Grundwasser.
http://www.bgr.bund.de/EN/Themen/Zusammenarbeit/TechnZusammenarb/Politikber
atung_GW/Grundwasser_IWRM/Grundwasser_NEXUS/grundwasser_nexus_node_en.ht
ml.

Federal Ministry for the Environment, Nature Protection and Nuclear Safety, 2002, German
Federal Government Soil Protection Report. Bundestags-Drucksache 14/9566.

Federal Ministry for the Environment, Nature Protection and Nuclear Safety, 2017,

Groundwater. AMA, 2017.3.11.
http://www.bmub.bund.de/en/topics/water-waste-soil/water-management/groundwa
ter/

Ferguson, C., and Kasamas, H. 1999, Risk Assessment for Contaminated Sites in Europe,
Volume 2 Policy Frameworks. LQM Press. UK.

Fonseca, J.,0 2008, Aquifer monitoring for groundwater-dependant Ecosystems, Pima
County, Arizona, pp.1-10.
http://www.pima.gov/cmo/sdcp/monitoring/pdf/Fonseca_2008_Groundwater_monitor
ing.pdf

- 332 —



Frank, A. S. 1999, "Risk-Based Assessment of Soil and Groundwater Quality in the
Netherlands: Standards and Remediation Urgency". Risk Analysis. 19(6):1235-1249.

Froberg, K., Dehio, J., Strotmann, B., Weingarten, P. 1994. Agriculturally Induced Pollution
Problems in Germany, in: Napier, T. L, Camboni, S. M., El-Swaify, S. A. Adopting
Conservation on the Farm. An International Perspective on the Socioeconomics of
Soil and Water Conservation. Soil and Water Conservation Society, Ankeny, pp.
269-288.

FOREGS (Forum of European Geological Survey, ®1Xl| EuroGeoSurveys), 2005, Geochemical
Atlas of Europe, Forum of European Geological Surveys.

Franzius, V., 1992, October. Recent development in national programs, Federal Republic of
Germany. Contribution to the Tour-de-Table. Summary Report. The 1992
NATO/CCMS Pilot Study Meeting on Evaluation of Demonstrated and Emerging
Technologies for the Treatment and Clean-up of COntaminated Land and
Groundwater. Budapest.

FRTR (Federal Remediation Technologies Roundtable), 2007, Remediation Technologies
Screening Matrix and Reference Guide. Version 4.0. https://frtr.gov/matrix2
/section4/4-7.html.

Gardia, C,, Panagosa, P., Van Liedekerkea, M., Boscob, C., and & De Brognieza, D., 2015,
Land take and food security: assessment of land take on the agricultural production
in Europe. Journal of Environmental Planning and Management. V58, Issue 5,
898-912.

Gilliom, R. J, Barbash, J. E, Crawford, C. G, Hamilton, P. A, Martin, J. D., Nakagaki, N.,
Nowell, L.H., Scott, J.C., Stackelberg, P.E., Thelin, G.P., Wolock, D. M., 2006, Pesticides
in the nation's streams and ground water, 1992-2001. U.S. Geological Survey Circular
1291

Goidts, E. and van Wesemael, B., 2007, Regional assessment of soil organic carbon changes
under agriculture in southern Belgium (1955-2005). Geoderma 141:341-354.

Government of the Netherlands, 2017, Water management.
https://www.government.nl/topics/water-management/contents/water-quality/quality
-of-ground-water. Z4AQl 2017.3.19.

GSP (Global Soil Partnership), 2012, Strategic Objectives [online].
http://www.fao.org/nr/water/landandwater_gsp. html [Accessed 30 October 2012].

Gundra, H. Jager, S, Schroeder, M., Dikau, R, 1995 = Bodenerosionsatlas
Baden-Wirttemberg, Agrarforschung in Baden-Wirttemberg 24.

GIMS, 2015, http://www.gims.go.kr.

- 333 —



Grimm, M., Jones, R. and Montanarella, L, 2002, Soil Erosion Risk in Europe. European Soil
Bureau Institute for Environment & Sustainability JRC Ispra. European
Commission/Joint Research Centre.

Hansen, A. J. et al, 2002, Effects of exurban development on biodiversity: Patterns,
mechanisms, and research needs. 87th Annual Meeting of the Ecological Society of
America, Tuscon, AZ

Hanza, M.A., and W.K. Anderson, 2005, Soil compaction in cropping systems. A review of
the nature, causes and possible solutions. Soil & Tillage Research 82:121-145.

Helgason, T. et al, 1998, Ploughing up the wood-wide web? Nature 394(6692):431-431.

HM Government, 2009, UK Low Carbon Transition Plan White Paper: National Strategy for
Climate and Energy. http://www.decc.gov.uk/en/content/cms/publications/Ic_trans_
plan/Ic_trans_plan.aspx.

Honders, T, 2009, Soil+, expertise on soil and sediments. New legislation on the
sustainable reuse of lightly contaminated soil in The VROM. (2017.04.03.)
http://www.insavalor.fr/wascon2009/fichiers_envoyes/Ton%20Honders.pdf

Honders, T. 2016, Soil environmental policies in the Netherlands-sharing experiences.
VROM. (2017.04.03.)
http://www.uic.org/IMG/pdf/soil_environmental_policies_in_the_netherlands_sharing_e
xperiences.pdf

Honders, T., 2011, Soil environmental policies in the Netherlands — sharing experiences.
VROM. (2017.04.03)
https://www.google.co.kr/webhp?sourceid=chrome-instant&rlz=1C1YKST_koKR711KR
711&ion=1&espv=2&ie=UTF-8#nfpr=18q=Soil+environmental+policies+in+the+Ne
therlands-sharing+experiences&*

Hoff, H., 2011, Understanding the nexus. Background paper for the Bonn 2011 conference:
The water, energy and food security nexus. Stockholm: Stockholm Environment
Institute.

Horz, H. P. et al. 2004, Ammonia-oxidizing bacteria respond to multifactorial global change.
Proceedings of the National Academy of Sciences of the United States of America.
101(42):15136-15141.

Houskova, B., 2008, Natural susceptibility to soil compaction in Europe
http://eusoils.jrc.ec.europa.eu/public_path/Compaction.jpg.

Huber, S., Prokop, G., Arrouays, D., Banko, G. Bispo, A, Jones, RJ.A, Kibblewhite, M.G,
Lexer, W., Moller, A, Rickson, RJ;, Shishkov, T., Stephens, M., Toth, G, Van den
Akker, JJH. Varallyay, G. Verheijen, F.G.A, Jones, AR. (eds.) 2008. Environmental

— 334 —



Assessment of Soil for Monitoring: Volume I Indicators and Criteria. EUR 23490
EN/1. Office for the Official Publication of the European Communities, Luxembourg,
339 pp.

Hurni, H., Giger, M., Liniger, H., Studer, R. M., Messerli, P. Portner, B, Schwilch, G,
Wolfgramm, B., and Breu, T. 2015. Current Opinion in Environmental Sustainability
15:25-34.

IASS/GSF (Institute for Advanced Sustainability Studies/Global Soil Forum). 2013. Soil
Sealing. www.iass-potsdam.de and www.globalsoilweek.org

IASS, 2012. Institute of Regional Development Planning, University of Stuttgart, 2012.

IASS, 2015. IASS2015 Annual International Symposium on Future Visions.

ICSU, ISSC (International Council for Science, International Social Science Council) 2015.
Review of the Sustainable Development Goals: The Science Perspective. Paris:
International Council for Science (ICSU).

IFEN, 2005. Les changements d'occupation des sols de 1990 a 2000 : plus d'artificiel, moins
de prairies et de bocages. Les données de I'environnement 101:4.

Jeffery, S. Gardi, C. Jones, A. Montanarella, L. Marmo, L. Miko, L. Ritz, K. Peres, G. Rdmbke,
J. van der Putten, W. H. (eds.) 2010. European Atlas of Soil Biodiversity. European
Commission. Publications Office of the European Union, Luxembourg.

Jones, R. 2008. Current problems of soil protection as seen from the UK. Europaische
Akademie, Berlin.

Jones, R. J. et al. 2003. Vulnerability of subsoils in Europe to compaction: a preliminary
analysis. Soil & Tillage Research 73(1-2):131-143.

Jones, J. A, Bissonnais, Y. L, Diaz, J. S, Diwel, O. @ygarden, L, Bazzoffi, Prasuhn, V.,
Yordanov, Y. Strauss, P, Rydell, B., Uveges, J. B, Loj, G, Lane, M. and
Vandekerckhove, L. 2003. EU Soil Thematic Strategy: Technical Working Group on
Erosion. Work Package 2: Nature and extent of soil erosion in Europe. Interim report
3rd DRAFT(v3.31).

Jones, R. J. A, Hiederer, R, Rusco, E., Loveland, P. J. and Montanarella, L. 2004. The map
of organic carbon in top soils in Europe, Version 1.2, September 2003: Explanation
of Special Publication Ispra 2004 No.72 (S.P..04.72). European Soil Bureau Research
Report No.17, EUR 21209 EN, 26pp. and 1 map in ISO Bl format. Office for Official
Publications of the European Communities, Luxembourg.

Kappel, W. M., Williams, J. H., & Szabo, Z. 2013. Water resources and shale gas/oil
production in the Appalachian Basin: critical issues and evolving developments (No.
2013-1137). US Geological Survey.

- 335 —



Karlen, D. L., Mausbach, M. J., Doran, J. W., Cline, R. G,, Harris, R. F,, Schuman, G. E. 1997.
Soil Quality: A Concept, Definition, and Framework for Evaluation (A Guest Editorial).
Soil Science Society of America Journal. 61(1):4-10.

Khan, O. 2014. Soil Degradation, Conservation, and Remediation. Springer Dordrecht
Heidelberg New York London. 237p.

Kemper, W. D. and Koch, E. J., 1966. Aggregate stability of soils from Western United States
and Canada. USDA Technical Bulletin n® 1355, Washington DC, USA.

Kerry, B. R, and D. H. Crump, 1998. The dynamics of the decline of the cereal cyst
nematode, Heterodera avenae, in four soils under intensive cereal production. Fund.
Appl. Nematol. 21: 617-625.

Kingsbury, G., and Bingham, T. 1992. Reclamation and Redevelopment of Contaminated
Land. Vol II. European Case Studies (EPA 600/R-92-031). Cincinnati, OH. U.S. EPA.
Office of Research and Development, Risk Reduction Engineering Laboratories.

Koch, A, McBratney, A, Adams, M,, Field, D. Hill, R, Lal, R, Abbott, L, O'Donnell, A., Angers,
D., Baldock, J., Barbier, E., Binkley, D., Parton, W., Wall, D. H., Bird, M., Bouma, J.,
Chenu, C, Flora, C. B, Goulding, K, Grunwald, S., Hempel, J.,, Jastrow, J., Lehmann,.
J., Lorenz, K, Morgan, C,, C. W. Rice, Whitehead,D., Young, I, and Zimmermann, M.
2013. Soil Security: Solving the Global Soil Crisis. Global Policy. doi:
10.1111/1758-5899.12096.

Kraemer, A., Landgrebe-Trinkunaite, R, Gorlach, B., Kranz, N., and Verblcheln, M. 2004. EU
Soil Protection Policy: Current Status and the Way Forward. Ecologic Institute for
International and European Environmental Policy. www.ecologic.de.

Kurian, M and Ardakanian, R. (eds) 2015, Governing the Nexus Water, Soil and Waste
Resources Considering Global Change. United Nations University (UNU-FLORES)
Dresden, Germany. 230p.

Laflan, J. M., and Moldenhauer, W. C. 2003, Pioneering soil erosion prediction, USLE Story.
WASWC Special Pub. Nol:pp54.

Lal, R. and Kimble, J. M. 1997, Conservation tillage for carbon sequestration. Nutrient
Cycling in Agroecosystems 49(1-3):243-253.

Lal, R. 1999, Soil quality and food security: The global perspective. Ch. 1 in R. Lal (ed.) Saoil
quality and soil erosion. CRC Press, Boca Raton, FL:pp329.

Lal, R, D. Mokma, B. Lowery. 1999, Relation between soil quality and erosion. Ch. 14 in
R. Lal (ed.) Soil quality and soil erosion. CRC Press, Boca Raton, FL:pp329.

Lal, R. 2004, Soil carbon sequestration impacts on global climate change and food security.
Science 304(5677):1623-1627.

- 336 —



Lal, R, Follett, F., Stewart, B. A, and Kimble, J. M. 2007, Soil carbon sequestration to
mitigate climate change and advance food security. Soil Science 172(12):943-956.

Lal, R. 2010, Managing Soils and Ecosystems for Mitigating Anthropogenic Carbon
Emissions and Advancing Global Food Security. Bioscience, 60:708-712.

Lal, R. 20153, The Nexus Approach to Managing Water, Soil and Waste under Changing
Climate and Growing Demands on Natural Resources. p39-62 in: Kurian, M and
Ardakanian, R. (eds) Governing the Nexus Water, Soil and Waste Resources
Considering Global Change. United Nations University (UNU-FLORES) Dresden,
Germany.

Lal, R. 2015b. Restoring Soil Quality to Mitigate Soil Degradation. Sustainability
7:5875-5895.

Lavelle, P. et al. 1997, Soil function in a changing world: the role of invertebrate ecosystem
engineers. European Journal of Soil Biology. 33(4):159-193.

Lavelle, P. et al. 2004, Vulnerability of ecosytem services at different scales: role of
biodiversity and implications for management. Sustaining Biodiversity and
functioning in soils and sediments. D. Wall. New York, Island Press.

Leake, S. A 2016, “land  Subsidence  from  groundwater = pumping”.
https://geochange.er.usgs.gov/sw/changes/anthropogenic/subside/.

Ledbetter, K. 2015, Soil security vital for the health, wealth of the world.
http://today.agrilife.org/2015/06/22/soilsecurityvitalforthehealthwealthoftheworld;/.

LIFE Environment, 2014, LIFE and Soil protection. Luxembourg: Publications Office of the
European Union. European Union.

Magleby, R., 1984. Natural Resources and Environment Division, Economic Research Service,

U.S. Department of Agriculture. Agriculture Information Bulletin No. 718.

McBratney, A. B, Minasny, B.,, Wheeler, 1. and Malone, B. P. 2012, Frameworks for Digital
Soil Assessment. pp.9-14 In B. Minasny, B. P. Malone and A. B. McBratney (eds.),
Digital Soil Assessment and Beyond. London: Taylor and Francis.

McBratney, A, Field, D., and Koch, A, 2014, The dimensions of soil security. Geoderma
213:203-213.

McDonnell, M. J. et al,, 1993, The application of the ecological gradient paradigm to the
study of urban effects. 4th Cary Conference on Humans as Components of
Ecosystems - The Ecology of Subtle Human Effects and Populated Areas, Millbrook,
NY.

MEA (Millenium Ecosystem Assessment), 2005, Ecosystems and human well-being:
Biodiversity synthesis. Washington, D.C., World Resources Institute.

- 337 —



Mukherji, A, 2017, Food-Irrigation-Energy Nexus in the context of groundwater use in
India: Experience from three Indian States.
http://wef-conference.gwsp.org/uploads/media/D06_Mukherji.pdf. International
Centre for Integrated Mountain Development.

Montanarella, L. and Alva, I L, 2015, Putting soils on the agenda: the three Rio
Conventions and the post-2015 development agenda. Current Opinion in
Environmental Sustainability 2015, 15:41-48.

Montanarella L. and Houskova B., 2008, Map of Soil Susceptibility to Compaction in Europe.
Proceedings of the 5th International Congress of ESSC - European Society for Soil
Conservation - Changing Soils in a Changing World: the Soils of Tomorrow p. 254.
Universita di Palermo.

MSNBC, 24 November 2008, "Himalaya glaciers melting much faster". Retrieved 21
September 2011.

Muller, A, Janetschek, H., Weigelt, J., 2015, Towards a governance heuristic for sustainable
development. Current Opinion in Environmental Sustainability 15:49-56.

NISTEP (Yoshihisa Takei), 2010, Current State and Future Prospects of Action for Sail
Contamination.

Nooren, C. A. M. et al,, 1995, "The Role of Earthworms in the Formation of Sandy Surface
Soils in a Tropical Forest in Ivory-Coast” Geoderma 65(1-2):135-148.

Office of Emergency and Remedial Response, 2009, Risk Assessment Guidance for
Superfund, U.S. Environmental Protection Agency EPA/540/1-89/002.

OECD, 2012, OECD Environmental Outlook to 2050, Organisation for Economic Cooperation
and Development, Paris, France.

Office of Emergency and Remedial Response, 2009, Risk Assessment Guidance for
Superfund, U.S. Environmental Protection Agency EPA/540/1-89/002.

Official Journal of the European Union, 2013, DECISION No 1386/2013/EU OF THE
EUROPEAN PARLIAMENT AND OF THE COUNCIL of 20 November 2013 on a
General Union Environment Action Programme to 2020 ‘Living well, within the limits
of our planet’ 28.12.2013. L 354/171.

Oldeman, L. R, Hakkeling, R. T. A. and Sombroek, W. G., 1991, World Map of the Status
of Human-Induced Soil Degradation, with Explanatory Note (second revised edition)
- ISRIC, Wageningen; UNEP, Nairobi.

OROK (Osterreichisches Raumentwicklungskonzept), 2001, OREK 2001 (Austrian Spatial
Development Concept, 2001).

Page, G. W, 1997, Contaminated Sites and Environmental Cleanup. International

- 338 —



Approaches to Prevention, Remediation, and Reuse. Academic Press. 212p.

Panagos, P., Imeson, A, Meusburger, K, Borrelli, P, Poesen, J., and Alewell, C., 2016, Soll
Conservation In Europe: Wish Or Reality? Land Degrad. Develop. 27: 1547-1551.

Panagos, P., Van Liedekerke, M., Yigini, Y.. and Montanarella, L, 2013, Contaminated Sites
in Europe: Review of the Current Situation Based on Data Collected through a
European Network. Journal of Environmental and Public Health. Art. no. 158764,
doi:10.1155/2013/158764.

Panagos, P., Hiederer, R, Van Liedekerke, M., and Bampa, F., 2013, Estimating soil organic
carbon in Europe based on data collected through an European network. Ecological
Indicators 24:439-450.

Panagos, P., Van Liedekerke, M., Jones, A. & Montanarella, L, 2012, European Soil Data
Centre: Response to European policy support and pubic data requirements. Land
Use Policy. 29: 329-338.

Paul, B, Anita, L, 2001.09., Review of Decision Support Tools and their use in Europe:
Report of CLARINET Working Group 2. UK DEFRA. p.118 Online Available:
http://www.r3environmental. co.uk/wg2%20report%20web%20version.pdf.

Pauwels, H., Muller, D., Griffionen, J., Hinsby, K, Melo, T., Brower, R, 2007, Bridge Project.
Publishable final activity report.

Pimentel, D. et al, 1995 Environmental and Economic Costs of Soil Erosion and
Conservation Benefits. Science. 267(5201): 1117-1123.

Pimentel, D. et al, 1997, Economic and environmental benefits of biodiversity. Bioscience
47(11):747-757.

Pimentel, D. and N. Kounang, 1998, Ecology of soil erosion in ecosystems. Ecosystems
1(5):416-426.

Prager, K, 2008, Soil conservation and policy measures finding from eight case studies
across Europe. ECOMIT Conference in Piestany, Slovakia, 5-7 November 2008.

Prokop, G., Schamann, M. and Edelgaard, I, 2000, Management of contaminated sites in
Western Europe. European Environment Agency. Copenhagen, Denmark.

Prokop G., Jobstmann H., Schénbauer A., 2011, Overview on best practices for limiting soil
sealing and mitigating its effects in EU-27 (Environment Agency Austria), Technical
Report-2011-50, ISBN: 978-92-79-20669-6. http://ec.europa.eu/environment/soil/
sealing.htm.

Puget, P, Lal, R, Izaurralde, C, et al., 2005, Stock and distribution of total and corn-derived
soilorganic carbon in aggregate and primary particle fractions for different land use
and soil management practices. Soil Science 170(4):256-279.

- 339 —



Robinson, D. A, Lebron, L., and Vereecken, H., 2009, On the definition of the natural capital
of soils: a framework for description, evaluation and monitoring. Soil Sci. Soc. Am.
J. 73:1904-1911.

Robinson, D. A, D. Cooper, B. A. Emmett, C. D. Evans, A. Keith, I. Lebron, S. Lofts, L. Norton,
B. Reynolds, E. Tipping, B. G. Rawlins, A. M. Tye, C. W. Watts, W. R. Whalley, H. L
J Black, G. P. Warren, S. Robinson, K. Michaelides, N. J. Hockley, 2010, Defra soil
protection research in the context of the soil natural capital / ecosystem services
framework. In, Project SP1607: Synthesis of Soil Protection work 1990-2008. Centre
for Ecology and Hydrology, UK.

Ruser R, Flessa H., Russow R., Schmidt G., Buegger, F. and Munch J. C,, 2006, Emission of
N20O, N2 and CO2 from soil fertilized with nitrate: effect of compaction, sail
moisture and rewetting, Soil Biology and Biochemistry 38:263-274.

Schmidt, H., Ha, N.B., Pfannkuche, J., Amann, H., Kronfeldt, H.D. and Kowalewska, G., 2004,
Detection of PAHs in seawater using surface-enhanced Raman scattering (SERS),
Marine Pollution Bulletin 49:229-234.

Sonneveld, B. and Dent, D. 2007, How good is GLASOD?Journal of Environmental
Management 90(2009):274-283.

Statistisches Bundesamt (National Statistical Agency), 2009, Bundesamt flr Naturschutz
(National Agency for Nature Protection) 2010. Flache im Kreis. http://www.flaeche-
im-kreis.de/english_version.phtml.

Schils, R, P. Kuikman, and J. Liski,, 2008, Review of existing information on the interralations
between soil and climate change. p.205.

Scottish Government, 2009, The Scottish Soil Framework. website: www.scotland.gov.uk.

Shuur, E. A. G. and Abbott, B, 2011, High Risk of Permafrost Thaw. Nature 480:32-33.

Soczo, E., Meeder, T, and Versluijs. 1992. October. Ten years of soil clean-up in the
Netherlands. Contribution to the Tour-de-Table. Summary Report. The 1992
NATO/CCMS Pilot Study Meeting on Evaluation of Demonstrated and Emerging
Technologies for the Treatment and Clean-up of COntaminated Land and
Groundwater. Budapest.

Statistisches Landesamt Baden Woirttemberg (Statistical Survey of Baden Wirttemberg),
20009, Flachenverbrauch 2008 (Land Take 2008).
https://www.statistik-bw.de/Pressemitt/Pressehefte/Flaechenverbrauch_2008.pdf

Strebotak, T., C. Polzin, S. Gljm, S. Herbert, S. Lutter, 2010, Establishing environmental
sustainability threshold and indicators. Final Report. SERL:pp138.

Stubb, M., 2012, Conservation Compliance and U.S. Farm Policy Congressional Research

— 340 —



Service 7-5700:ppl8 http://www.crs.govR42459.

TAEU (Territorial Agenda of the European Union), 2011, Territorial Agenda of the European
Union 2020, Towards an Inclusive, Smart and Sustainable Europe of Diverse Regions,
Godollsd (Hungary), 19 May 2011. http://www.eu2011.hu/files/bveu/documents/
TA2020.pdf.

Tansley, A, 1935, The Use and Abuse of Vegetational Concepts and Terms. Ecology.
16(3):284-307.

The Netherlands Ministry of Housing, Physical Planning, and Environment, 1983, April.
Leidraad Bodembscherming (Soil Cleanup Guidance Note : Assessing the Severity of
a Case of Soil Contamination in The Netherlands. The Hague.

Toth T, Bodis K, and Stolbovoy V. 2008, Updated Map of Salt Affected Soils in the
European Union. In: Téth, G, Montanarella, L. and Rusco, E. (Eds.) Threats to Sail
Quality in Europe. EUR23438.

Turbé, A, De Toni, A, Benito, P., Lavelle, P, Lavelle, P, Ruiz, N., Van der Putten, W. H,,
Labouze, E. and Mudgal, S., 2010, Soil biodiversity: Functions, threats and tools for
policy makers. Bio Intelligence Service, IRD, and NIOO, Report for European
Commission (DG Environment).

Ulrici W, 1995, International Experience in Remediation of Contaminated Sites, Synopsis,
Evaluation and Assessment of Applicability of Methods and Concepts, Federal
Ministry of Education, Science, Research and Technology. Germany.

Umlauf, G, Bidoglio, G., Christoph, E.,, Kampheus, J., Krueger, F., Landmann, D., Schulz, A.
J., Schwartz, R, Severin, K., Stachel, B., Stehr, D., 2005, The situation of PCDD/Fs and
Dioxin-like PCBs after the flooding of River Elbe and Mulde in 2002'. Acta
Hydrochimica et Hydrobiologia 33, 5 (Special Issue: Displacement of Pollutants
during the River Elbe Flood in August 2002), p543-554.

UNEP (United Nations Environment Programme), 2011, Towards a Green Economy:
Pathways to Sustainable Development and Poverty Eradication - A Synthesis for
Policy Makers. http://www.unep.org/greeneconomy.

UNGA (United Nations General Assembly), 2014, Report of the Open Working Group of the
General Assembly on Sustainable Development Goals. Sixty-eighth session Agenda
items 14, 19(a) and 118.

USDA. 2011. RCA(Soil and Water Resources Conservation Act) Appraisal 2011. USDA:ppl164.

USDA/NRSC (US Department of Agriculture/Natural Resources Conservation Service), 2003,
Managing Soil Organic Matter The Key to Air and Water Quality. http://soils.
usda.gov/sqi.

— 341 -



USDA/NRSC, 2015, Conservation Effects Assessment Project (CEAP).

USDA/NRSC, 2005, Managing Soil Organic Matter The Key to Air and Water Quality.
Managing Soil Organic Matter The Key to Air and Water Quality.

USDA/NRCS, 2006, Conservation resource brief. Soil Erosion. No. 0602:pp9.

van Arnheim, P., 1994, Dossier of Contaminated Property: Transaction, Lease, Development,
Finance, Appraisal. Amsterdam V.T. Productions.

van der Knijff, JM.,, 2000, Soil Erosion Risk Assessment in Europe, European Soil Bureau.

van der Putten, W. H. et al, 2006, Nematode interactions in nature: Models for sustainable
control of nematode pests of crop plants? Advances In Agronomy. San Diego.
Elsevier Academic Press Inc. 89:227-260.

van Liedekerke, M., Prokop, G., Rabl-Berger, S., Kibblewhite, M., and Louwagie, G. 2014,
Progress in the management of Contaminated Sites in Europe. Joint Research Centre
of the European Commission. European Union.

Verheijen, F. G. A, Bellamy, P. H., Kibblewhite, M. G.and Gaunt, J. L, 2005, Organic carbon
ranges in arable soils of England and Wales. Soil Use and Management 21:2-9.

Visser, W. J. F, 1993, Contaminated Land Policies in Some Industrialized Countries.
Technical Soil Protection Committee (Technische Commissie Bodembescherming).
The Hague, The Netherlands.

VROM (Ministrie Volkshiusvesting Ruimtelijke Ordening en Mileiubeheer: Ministry of
Housing, Spatial Planning and Environment), 1997.03., Good ground for growth;
New incentives for soil remediation. Netherland. Online Available
http://www2.minvrom.nl/Docs/international/ ground. pdf).

VROM, 1999.10., From funnel to sieve; Remediation goal appraisal process. Netherland.
Online Available: http://www2.minvrom.nl/Docs/international/ VTNZengels.pdf.
VROM, 1999.10., From funnel to sieve; Remediation goal appraisal process. Netherland.
Online Available: http://www2.minvrom.nl/Docs/international/ VTNZengels.pdf.
VROM, 1999, Policy Document “How to Deal with Contaminated Excavated Soil”.
Netherland. Online Available : http://www2.minvrom.nl/Docs/

international/Infoleaflet.pdf.

VROM, 1999, Policy Document “How to Deal with Contaminated Excavated Soil”.
Netherland. Online Available : http://www2.minvrom.nl/Docs/
international/Infoleaflet.pdf.

VROM, 2000, Circular on target values and intervention values for soil remediation.
Netherlands.

VROM, 2010, Into Dutch Soils. VROM. (2017.04.03.)

— 342 —



https://www.scribd.com/document/290618953/Into-Dutch-Soils.

Waghorn, T., 7 March 2011, "Fighting Desertification". Forbes.

Weigelt, J., Janetschek, H., Miuller, A. and Topfer, K, 2015, Soils in the Nexus. Current
Opinion in Environmental Sustainability 15:5-8.

Weigelt, J., Miller, A, Janetschek, H., Topfer, K, 2015, Land and soil governance towards
a transformational post-2015 Development Agenda: an overview. Current Opinion in
Environmental Sustainability 15:57-65.

Weingarten, P., 1997, Agri-environmental policy in Germany: soil and water conservation,
Discussion paper // Institute of Agricultural Development in Central and Eastern
Europe, No. 4, http://nbn-resolving.de/urn:nbn:de:gbv:3:2-22638.

Whalley, W. R. et al., 1995, Biological Effects of Soil Compaction. Soil & Tillage Research
35:53-68.

Wikipedia, 2015, Corine Land Cover. http://wiki.openstreetmap.org/wiki/ Corine_Land_Cover.

Wikipedia, 2016, Groundwater. https://en.wikipedia.org/wiki/Groundwater#Water_cycle.

Winkel, L, Berg, M., Amini, M., Hug, S. J. and Johnson, C. A, 2008, Predicting groundwater
arsenic contamination in Southeast Asia from surface parameters, Nature Geoscience
1:..536-542.

Wolff, G., Hoke, S., Lazar S., Kaufmann-Boll C., 2011, Environmental impact of urban soil
consumption. Urban SMS, Soil Management Strategy.

Wolters, V, 2001, Biodiversity of soil animals and its function. European Journal of Soil
Biology 37(4):221-227.

TEBEREDCAT IV 74 — W FEEOEREFC OV T(PEE D £ & ©), Frk 195F3A.

[22te Xt&]

ZIXSFEHEEME, 2017,  "K|SEAALHRSE XSk, M 2017.2.21
https://www.gims.go.kr/waterOfClean.do.

DMK St=™-EME, 2017, “K|StEAA-X|SEET7E ARRFRICH,  HdARQ: 2017.2.21.
https://www.gims.go.kr/waterOfPrecious.do.

IIXSFEEEME, 2017, "X[SFAMALX|SHE o|8WiE, ZAMA: 2017.2.21.
https://www.gims.go.kr/waterOfClean.do.

=X| X|StXte HI7HE(IGRAC), 2017, https://www.un-igrac.org/what-groundwater

LAZAE 20161219, "gA0|27|X| X8t {5 dx, HMsiy|E 500Hf X1
http://blog.naver.com/newspost2006/220889805908. ZA<l: 2017.2.29.

@sto|EZ2 4, 2017, "SR ERE AR 2017.2.21.

http://www.hydronet.co.kr/kor/sub/rnd/rnd0202.php.

—_—

— 343 —



= AL SO (hEREAEL), 2016, REUTERS.. www.antpedia.com.
= 2|8 (KFIEB , the ministry of Water Resources of the People’s Republic of China).
2011. http://www.mwr.gov.cn/. ZAiel: 2017.2.21.

= SHEAETE (il AREFMEIRERIFE), 2011.10.28., RTHE(EEH T KFEEAEN
Xl (2011-2020% ) YHIEBAD (K=Z7HX|S=2 HEHX| A 21(2011-2020H))y EisH), ZHAHQL:
2017.1.2. http://www.mep.gov.cn/gkml/hbb/bw;j/201111/t20111109_219754.htm
TEUSY (BAX BLZESH) 2017, BAROKIZ (Y2 S+X|). AMY: 2017.1.2.
http://www.mlit.go.jp/tochimizushigen/mizsei/c_actual/actual01.html.

=
S
=
S

ofy

ne
L

A ZENENM (HA BEL3ER) 2017, Responding Properly to Issues on Water
Resources, ZAHQl 2017.1.2.
https://www.mlit.go.jp/tochimizushigen/mizsei/water_resources/contents/responding_
properly.html.

A2 IENEM HA BLIGER) 2017, Issues on Water Resources. ZdAHQ: 2017.1.2.
https://www.mlit.go.jp/tochimizushigen/mizsei/water_resources/contents/issues.html.

UE FENEY HA BLIREH) 2017, Xl 23 X Xtz dAHY: 201721
http://www.mlit.go.jp/crd/city/sewerage/info/seisaku_kenkyu/mizujunkan/03_4.pdf.

A= 34N, 2016, U= EYotAEH SRS HEERE 2017.3.20.
https://www.env.go.jp/en/water/wqg/wemj/soil.html.

Q= AN, 2016, dE2o| EASAET™ MHMO| S E. http://www.env.go.jp/water/.

Q=2 AN, 2016, 22 EXAQLACYMEHAO| X|A|. http://www.env.go.jp/water/.

U= StAM, 2016, L2 AKX QLYEX|Q Z2|CHAE. http://www.env.go.jp/water/.

UL AN, 2016, Y= =2 2E|CHA H|A. http://www.env.go.jp/water/.

U= StAM, 2016, L& CHO|SAMEO| 22 CHA XA http://www.env.go.jp/water/.

=32 AJIStA™EME, 2016, hEIEEMHIEEIM. www.konetic.or.kr.

ZHo|=,  2014.11.12, 13x8, =329 EQMY =5F242  Foet

http://www.ecofuturenetwork.co.kr/news/articleView.html?idxno=1200.

HAIE, 1990.10.26., "X|St BHA7|E AlA". ZHAQl: 2017.2.29.

SUHESAGEAILE, "S=2 +A X2 g F=HYEEE: 2011,11,8)"

http://www.wabis.or.kr/foreign_act/3906, A : 2017.2.29.

S|HEZARX, 2016.12.19, "SAtO0|Z27|X| F=H X|Sf "I wHel o J7|Z=X| 578H X1}
http://news.naver.com/main/read.nhn?mode=LSD&mid=sec&sid1=102&o0id=016&ai
d=0001170754. ZHAAMA: 2017.2.29.

BGS (British Geological Survey), 2016, “"Groundwater flooding in an unconfined major
aquifer setting”. A4 2017.2.29.
http://www.bgs.ac.uk/research/groundwater/flooding/major.html

_

rot ot
oY XN
4

— 344 -



BMUB (Federal Ministry for the Environment, Nature Protection and Nuclear Safety), 2017,

"Groundwater”. Al 2017.2.29.
http://www.bmub.bund.de/en/topics/water-waste-soil/water-management/groundwa
ter/

ClassNotes.org.in., 2016.8.8., “Nitrogen cycle”.

http://classnotes.org.in/class-9/natural-resources/nitrogen-cycle-2/. 4 : 2017.2.29.

EC, 2017, "Water". http://ec.europa.eu/environment/water/. Z4A4Q: 2017.3.29.

EEA, 2008.2.18, “Impacts due to over-abstraction”. il 2017.3.29.
http://www.eea.europa.eu/themes/water/water-resources/impacts-due-to-over-abstra
ction

EEA, 2017.3.16., “Water assessments for 2012 - European year of water".
http://www.eea.europa.eu/themes/water/water-assessments-2012. Z4A4Ql: 2017.3.29.

EPA, 2017, "Environmental Topics: Water Topics”. ZAHQl 2017.1.24.
https://www.epa.gov/environmental-topics/water-topics

EPA, 2017, "News Releases: U.S. EPA, California cleaned or tested 381 abandoned storage
tanks, reducing groundwater threats”. ZAHQl 2017.3.30.
https://www.epa.gov/newsreleases/us-epa-california-cleaned-or-tested-381-abandon
ed-storage-tanks-reducing-groundwater

Ministrium fiir Ein Lebenswertes Osterreich, 2017, “Survey of the Austrian Water
Management”. ZAHQl 2017.2.21.
https://www.bmlfuw.gv.at/english/water/Water-in-Austria/Survey-of-the-Austrian-Wa
ter-Management.html

Ministrium fiir Ein Lebenswertes Osterreich, 2017, “Protection and Monitoring of Water
Bodies". ZAHQl 2017.2.21.
https://www.bmlfuw.gv.at/english/water/Water-in-Austria/Protection-and-Monitoring
-of-Water-Bodies.html.

Ministrium fiir Ein Lebenswertes Osterreich, 2017, “Groundwater Monitoring”. ZiA#Q:
2017.2.21. https://www.bmlfuw.gv.at/english/water/Water-in-Austria/
Protection-and-Monitoring-of-Water-Bodies.html.

UN SDG, 2017, https://sustainabledevelopment.un.org/?menu=1300.

USGS, 2016, “Contamination in US. Private Wells". ZHAdal:  2017.1.24.
https://water.usgs.gov/edu/gw-well-contamination.html.

USGS, 2016, “"Contaminants Found in  Groundwater”  ZHAHQl:  2017.1.24.
https://water.usgs.gov/edu/groundwater-contaminants.html.

USGS, 2016, "Groundwater depletion” ZAA Al 2017.1.24.

— 345 —



https://water.usgs.gov/edu/gwdepletion.html.

USGS, 2016, "Groundwater and Drought” ZA#<l: 2017.1.24.
https://water.usgs.gov/ogw/drought/

USGS, 2016, "Pesticides in Groundwater” ZAiQl: 2017.1.24.
https://water.usgs.gov/edu/pesticidesgw.html.

USGS, 2016, "Land Subsidence” ZAHQl: 2017.1.24.
https://water.usgs.gov/edu/earthgwlandsubside.html

Water Encyclopedia, "Stream-Hydrology”, A 2017.2.21.
http://www.waterencyclopedia.com/St-Ts/Stream-Hydrology.html.

— 346 —



& LIC}.

o] 21N

2.

10F 2 LICE.

—_
O

F
q

o

3. =7t}




